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rrilllS book ia intended for those who are beginning the subject. 
For this reason, special care has been taken to select for 
treatment such compounds as best serve to make clear the 
fundamental priDoipIes. General relations aa illustrated by special 
cases are discussed rather more full; than ia cnstomar; in books 
of the same size ; and, on the other hand, the number of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dc^^natism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula is presented, 
the reasons for using it are given so that it may afterward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applica- 
tions to the arts, medicine, etc. It is difficult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually put before them under the heads of "Applied Organic 
Chemistry" and "Medic^ Chembtry." 

Without some direct contact with the compounds considered, 
it ia difficult to get a clear idea regarding them and their 
changes. A course of properly selected experiments, illustrating 
the methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
formations, wonderfully facilitates tiie study. The attempt has 
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IT PREFACE. 

b«en made to g^ve directions for such a, courae. More than 
eighty esperimenta which could be performed in any chemical 
laboratory are described ; an^ it b hoped that the plan may 
meet with approval. The time required to perform a fair pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's linowledge of chemical phe- 
nomena, will, it is firmly believed, furnish a full compensation 
for the time spent. 

The order in which the topics are taken up wUI be found to 
differ somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of ca> 
bon compounds. The reasons for the method used are given in 
the body of the book. 
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OHEMISTET 

COMPOUNDS OF CARBON. 



CHAPTER I. 

INTRODUCTION. 

1m studying the compounds of carbon, we cannot fail to 
be struck by their lai^e mimbor, and by the ease with which 
they nndei^o change when Bubjeeted to vartous influences. 
Mainly on account of the lai-ge number, though paitly on 
account of pecnliaritiea in their chemical conduct, it is custom- 
ary to consider these compounds by themselves. At firstt, 
General Chemistry was divided into Inorganic and Organic 
Chemistry, as it was bebeved that there were fundamental 
differences t>etween the compounds included under tlie two 
heads. Those compounds which form the mineral portion of 
the earth were treated under the first head, while those which 
were found ready formed in the organs of plants or animals 
were the subject of organic chemistry. It was believed that, 
as the oi^auic compounds are elaborated under the influence of 
the life process, there must be something about them which 
distinguishes them from the inorganic compounds in whose for- 
mation the life process has no part. Gradually, however, this 
idea haa been abandoned ; for, one by one, the compounds 
which are found in plants and animals have been made in the 
chemical laboratory, and witliout the aid of the life process. 
The first instance of the preparation of an organic compound 
by an artificial method was that of urea. Tliis substance 
was obtained by Wohler in 1828 from ammonium cyauate. 
When a water solution of the latter is allowed to evaporate, urea 
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is deposited. Up to the time of WSliIer's discovery, the 
fortnatioi) of urea, lilie that of other organic compouDds, was 
thought to be intimately and necessarily connected with life ; 
but it waa thus shown that it coald be formed without the inter- 
vention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potassium carbonate ; and, as potassium cyanate 
can be made from the cyanide by oxidation, it follows that 
urea can be made from the elements. Finally, in 1856, Berthe- 
lot succeeded in making potassium formate by passing carbon 
monoxide over heated potassium hydroxide ; and in making 
acetylene, a compound, the composition of which is represented 
by the formula CiHji ^y passing electric sparks between elec- 
trodes of carbon in an atmosphere of hydrogen. Since that 
time, every year has witnessed the artificial preparation, by 
purely chemical means, of compounds of carbon which are found 
in the organs of plants and animals. 

It hence appears that the formation of the compounds of 
carbon is not dependent upon the life process ; that they are 
simply chemical compounds governed by the same laws that 
govern other chemical compounds ; and the name, Organic 
Chemistry, signifying, as it does, that the compounds included 
under it are necessarily related to oi^anisms, is misleading. 
Organic chemistry is nothing but the Oliemislry of the Com' 
pounds of Carbon. It is not a science independent of inorganic 
chemistry, but is just as much a part of chemistry as the chem- 
istry of the compounds of sodium, or of the compounds of 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 
objected to as being too broad. Strictly speaking, this title 
includes the carbonates, and it is customary to treat of these 
widely distributed substances under the head of Inoi^anic 
Chemistry. Most hooka on Inorganic Chemistry also deal with 
some of the simpler compounds of carbon, such as the oxides, 
cyanogen, marsh gas, eto. 
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SOUECES OP COMPOTTSDS. 3 

This objection is of weight only aa far as the carbonates 

are concerned, and it does not appear strong enough to make 
the introduction of a new name necessary. It Bhould be men- 
tioned, however, that the name Chemistry of the Sj/drocarbons 
and their Derivatives has recently been suggested. The exact 
significance of this name will appear when the compounds with 
which we shall have to deal come up for consideration. 

Sources of compoimde — The compounds of carbon are, 
for the most part, made in the laboratory ; but in preparing 
them we usually start with a few fundamental compounds 
which are formed by natural processes, A lar^e number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other substances. 
Others, such as urea, uric acid, albumin, etc., occur in animal 
oi^anisma. Petixile-um, which has been formed in Nature by 
processes intimately connected with those which give rise to the 
formation of coal, contains a large number of compounds con- 
sisting of only carbon and hydrogen ; and these compounds 
serve as the starting-points in the preparation of a large number 
of derivatives. When coal is heated for the purpose of manu- 
facturing illuminating gas, a very complex mixture of liquid 
and solid products is obtained as a by-product, known as coal 
tar. This substance yields some of the most valued compounds 
of carbon. A larger number of the compounds of carbon are 
obtained from this than fVom any other one source. When 
bones are heated in the manufacture of bone-black, an oil 
known as bone oil is obtained. Of late, this has proved to 
be the source of a large number of interesting compounds. 
In the preparation of charcoal by heating wood, the liquid pro- 
ducts are sometimes condensed, and they form the source of 
several important compounds, among which may be mentioned 
rvood spirits or methyl alcohol, acetone, and pyrob'gneous or 
acetic acid. 
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4 rNTEODUCTIOK. 

Finally, we are dependent upon the process known as fer- 
mentation for a number of the most important componnds of 
carbon. Fermentation, as will be shown, is a general term, 
eignifying any process in which a change in the composition of 
.1 body is effected by means of minute animal or vegetable 
oi^aniams. The best known example of fermentation is that 
of sugar, Thich gives rise to the formation of ordinary alcohol. 
Alcohol in tarn serves as the starting-point for the preparation 
of a large number of compounds. 

Piuifioatioii of the oompounds. — Before the natural 
compounds of carbon can be studied chemically, they must, of 
course, be freed from foreign substances ; and before the con- 
stituents of the complex mixtures, petroleum, coal tar, and bone 
oil can be studied, they must bo separated and purified. The 
processes of separation and purification aie, in many cases, 
extremely difHcult. If the substance is a solid, different 
methods may be used according to the nature of the substance. 
Orystallization is more frequently made use of than any other 
process. This is well illustrated, on the large scale, in the 
refining of sugar, which consists, essentially, in dissolving the 
sugar in water, filtering through bone-black, which absorbs 
coloring matter, and then evai>oi-ating down to crystallization. 
When two or more substances are found t^^ether, they may, in 
many cases, be separated by what is called fractional crystalliza- 
tion. This consists in evaporating the solution until, on cool- 
ing, a comparatively small part of tlie substance is deposited. 
Thia deposit is filtered off, and the solution further evaporated ; 
when a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then rccryetallized, eac). 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are water, alcohol, ether, benzine, 
and bisulphide of carbon ; alcohol being the most generally 
applicable. 
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PDBIFICATION OF THE COMPOUNDS. 

In the case of liqnids, the process of distillation 
The apparatQB commonly used is illustrated la Fig. 1. 



The only part of the apparatus 
tion is the tube A. This ia knt 
It is simpljj' a straight glass 
tabs, about 16™ long and 12 to 
14'""' in diameter, to which is 
attached a smaller branch some- 
what iacliued downward. The 
object of the tube is to accom- 
modat« a thermometer B, which 
is ao fixed by means of a corli, 
that it is in the centre of the 
latter tube, and its bulb directly 
opposite the opening of the 
smaller branch. 

For small quantitiesof liquids, 
the distilling flask is much used. Tl 



which requires explana- 

tl as the disliUing tube. 



1 long-necked, round 
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6 INTEOD0CTION. 

flask, with a branch tube fitted directly into the neck, as shown 
in Fig. 2. In this apparatus, the thermometer is fitted int" 
the neck of the flask in the same relation to the exit tube as in 
the larger apparatus. 

For the eeparatioQ of liquids of difleient boiling-points, the 
procesa of fractional or partial distillation is much used. When 
a mixture of two or more liquids of different boiling-points ia 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest, 
Thus, oi-dinary alcohol boils at 78°, and water at 100°. If the 
two be mixed, and the mixture distilled, it will be found that it 
begins to boil at 78°, but that very little passes over at this 
temperature. Gradually, as the distillation proceeds, the tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 100° is reached, when all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry flasks are prepared for 
collecting the distillates. The boiling is begun, and the point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
a certain number of degrees (3, 5, or 10, according to the char- 
acter of the mixture) is collected in the first flask. The receiver 
is then changed, without interruption of the boiling, and that 
which passes over while the mercury rises through another 
interval equal to the first is collected in the second flask. The 
receiver is again changed, and a third distillate collected ; and 
so on, until the liquid has all been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temperatures. In the case of alcohol 
and water, for example, we might have collected distillates from 
78° to 83°, from 83° to 88°, from 88° to 93°, from 93° to 98°, 
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from 98" to 100°. Now a clean distilling flask is taken, and 
into it introdiicecl the first fraction. This is distilled until the 
thermometer marks the upper limit of the original first fraction, 
the new distillate being collected in the flask which contained the 
first fraction. When this upper limit is reached, the boiling is 
stopped. It will be found ttiat there is some of the liquid left 
in the distilling fiask. That is to say, assuming that in the first 
distillation the first fraction was collected between 78° and 83°, 
on boiling this fraction the second time it will not all come over 
between these points ; when 83° is reached some will be left in 
the flask. The second fraction is now poured into the distilling 
flask through a funnel tube, and the boiling is again started. 
Of the second fraction, a poi-tion will pass over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue the boiling until the tliermometer 
marks the highest point of the fraction last introduced, changing 
the receiver whenever the indications of the thermometer require 
it. Now stop the boiling, and pour in fraction No. 3, and so 
on until all the fractions have been subjected to a second distil- 
lation. On examining the new fractions, it will be found that 
the liquid tends to accumulate in the neighborhood of certain 
points corresponding to the boiling-points of the constituents of 
the mixture. ' The distilling flask is now cleaned, and the whole 
process repeated. A further separation is thus effected. By 
conttQuiug the distillation in this way, pure substances may, in 
most cases, eventually be obtained. That the fractions are 
pure may be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected 
by means of fractional distillation ; as, for example, in tlic 
case of alcohol and water. But still it is valuable, even in 
such cases, as it enables us to purify the substances, at least 
partially. 

The best examples of distillation carried on on the lai^e scale 
are those of alcohol and petroleum. Probably the best example 
of fractional distillation is that of the light oil obtained from 
coal tar. c,q,t,;cdb.,Cooylt: 



8 INTRODUCTION. 

Experbnent 1. Mix eqaal parts (about half a litre of each) of alco- 
Lol and water. Distil through four or five times, and notice tbe 
changes tn tbe quantities obtalued in the dlffereot fractions. 

DetermiZLation of the boilingr-point. — In dealing with 
liquids, it often is extremely difficult to tell wlietiier they ai-e 
pure or not. The first and most important physical property 
which is utilized for this purpose is the boiling temperature, 
commonly called the boiling-point. This is det«rmined by 
means of an apparatus, such as is described above as used for 
distilling. The temperature noted on the thermometer when 
the liquid is boiling is the boiliDg-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for making these corrections may be found in 
lai^er books. A constant boiling-point is characteristic of a 
pure chemical compound. 

Detenmnation of the melting-point. — Just as the boil- 
ing-point is a very characteristic property of liquid bodies, so 
the melting-point is an equally characteristic property of many 
solid bodies. If a substance b^ins to melt at a certain t«m- 
perature, and does not melt completely at that temperature, it 
is, in all probability, impure. By means of tbe melting-point 
minute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with the 
compounds of carbon, determinations of meltang-pointa are veiy 
frequently made. In general, only those compounds which have 
constant melting-points are to be regarded as pure. The deter- 
iniaation is made as follows : Small tubes are prepared by 
heating a piece of ordinary soft glass tubing of 4™" to 5°™ 
diameter, and drawing it out. If the parts are drawn apart 
about 12™ to 15™, two small tubes may be made from the 
narrowed portion by melting together in the middle, and then 
filing off each piece where it begins to grow wider near the 
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lai^e tabe. TLese Binall tubes must have thin walls, and be 
of such internal diameter that an ordinary pin can be intro- 
duced into them. A small quantity of the substance to be 
tested is placed iu one of the tubes, enough to make a minute 
column of ahout 5""° in height. The tube containing the 
substance is fastened to a thermometer by means of a small 
rubber band cut from a piece of rubber tubing. The band in 
placed near the upper part of the tube, and the lower part of 
the tube, containing the substance, is placed agmnst the bulb 
of the thermometer. Now a beaker glass of about 100" 
capacity is filled with pure paraffin, and the latter melted. 
When it is in liquid condition, the thermometer, with the tube 
and substance, is introduced 
into it, and the beating con- 
tinued with the aid of a 
small flame until the sub- 
stance melts. The instant it 
melts the temperature indi- 
cated by the thermometer 
is noted. This is the melt- 
ing'point required. It is 
necGssary, however, to cor- 
rect the observed point in 
the same way as in the case 
of the boiling-point. Some- 
times, instead of paraffin, i 
concentrated sulphuric acid 
is used in the bath ; but. foi' 
obvious reasons, the paraf- 
fin is to be prefeiTed. For ^^^^^^^^^^^■■^^■^^^B 
Bubstanceswhich melt below 

80°, the temperature at which ordinary paraffin is liquid, 
water should be used. 

Experiment Z. Detennine the melting-points of a few enbatanceit, 
such RS nrea and tartaric acid. If they do not melt at deflnlte polrt-s, 
recrystalUze them nntil they do. Note the melting-pohits obHent-tl. 
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tmd see how well they agree with those stated in tbc book. The 
arrangement of the apparatus above described is shown iu Fig. 3. To 
secure a UDlform temperature of the bath, it should be gentl; stirred 
with a glass rod during the experiment. The niercury of the the^ 
raometer should rise slowly. 

Analysis. — Having purified the componncls, the next Bt«p 
is to determine their compositioD. A comparatively small num- 
ber of the compounds ordinarilj- met with consist of carbon and 
hydrogen only ; the largest number consist of these two elements 
together with oxygen ; many cootain carbon, hydr<^en, oxygen, 
and nitrogen. But, in the denvatives of the fundamental com- 
pounds, all other elements may occur. Thus the liydrogen may 
be partly or wholly displaced by chlorine, bromine, or iodine, as 
in the BO-called substitution- products ; and any metal may occur 
in the salts of the acids of carbon. The estimation of carbon 
and hydrogen is the principal problem in the analysis of the 
compounds of carbon. This is effected by what is known as 
the combustion process. A kuown weight of the substance is 
completely oxidized, the carbon being thus cocverted into car- 
bon dioxide, and the hydrc^en into water. These two products 
are collected, the carbon dioxide in a solution of potassium 
hydroxide, the water in calcium chloride, and weighed. From 
the weights of the products the weights of carbon and hydrt^en 
are calculated. Oxygen, if present, is not estimated directly, 
butbydifEerence, i.e., the amounts of carbon and hydrogen found 
are added ti^ether, and the sum subtracted from the weight of 
the original aubstaace. The difference represents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, as it can be found in any 
book on analytical chemistry. A brief description, however, 
way not bo out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gas furnace con- 
structed for the purpose. Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a boat, which is 
introduced 'ito the tube with granulated copper oxide. The 
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tube is then connected with (1) a U-tnbe filled with calcinm 
chloride ; (2) a set of bulbs containing a solution of potassium 
hydroxide, and eonatracted so as to secui-e thorough contact of 
the passing gases with the solution; and (3) a small U-tube 
Gllcd with solid potassium hydroxide. After the combustion is 
completed, a cnrrent of pare dry oxygen is passed through the 
tube ; and, finally, air is passed until the oxygen is displaced. 
The method at present used was introdnced by Liebig. It 
has contributed very greatly to a thorough understanding of 
the compounds of carbon. 

Two methods are in common use for the estimation of nitrt^en 
in carbon compounds. The first is known as the absolute method. 
This consists in oxidizing the substauce by means of copper 
oxide ; then decomposing, by means of highly-heated metallic 
copper, any oxides of nitrogen which may have been formed, 
and collecting the nitrogen. The volume of the nitrogen thus 
obtained is measured, and its weight easily calculated. The 
chief difficnlty in this method consists in removing the gases 
contained in the appai-atus before the combustion is made. To 
do this, the simplest way is to use a mercury air-pump. Several 
simple forms of the pump have been devised for this purpose, 
and some of them work admirably. Having exhausted all the 
air, the combustion is made by beating the tube containing the 
substance and copper oxide and a layer of copper foil ; aud, 
finally, the gases are exhausted at the end of the operation. 
The only three gases which can be present, assuming that the 
substance contained nothing but carbon, hydrogen, oxygen, and 
nitrogen, are carbon dioxide, water vapor, and free nitrt^en. 
The water vapor is, of course, condensed, and the carbon dioxide 
is absorbed by passing the gases throngh a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

The second method for the estimation of nitrogen consists in 
heating the substance with a mixture of sodium hydroxide and 
quicklime, called soda-lime. The nitrogen is thus converted 
into ammonia, which is collected in a known quantity of dilute 
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hydrochloric or sulphuric acid. After the operatioD, the amoant 
of acid remaining un neutralized is determined by titratioa ; and 
from this the amount of ammonia formed can be calculated ; 
and from this, in turn, the amount of nitr<^eu. This method 
is not applicable to all compounds, because the nitn^en of some 
compounds is not converted into ammonia under the circum- 
stances mentioned. 

As regards tlie estimation of otiier constituents of carbon 
compounds, it need only be said that in most cases it is neces- 
sary to get rid of the carbon and hydr<^en by some oxidizing 
process before the estimation can be made. Thus, in estimating 
sulphur, it is common to fuse the substance wit^ potassium 
nitrate and hydroxide, when the carbon and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
phate, and may be estimated in the usual way. 

Formula. — The deduction of the formula of a compound 
from the results of the analysis involves two steps. The first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.18 per cent carbon, 
13.04 per cent hydrogen, and 34.78 per cent oxygen. To get 
the atomic proportions, divide the figures representing the per- 
centages of the elements by the corresponding atomic weights, 
We have thus : — 

P*' »t wi Proportiooale 

Cenuge. ■«•- "i. No. of Atom*. 

C 52.18 + 12 = i.36 - 2 
H 13.04 -^ 1 = 13.04 - 6 
O 34.78 -!- 16 = 2.17 — 1 

That is to say, accepting the atomic weights, 12 for carbon and 
16 for oxygen, the simplest figures rcpresentiug the number of 
atoms of the three elements in the compound are 2 for carbon, 
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6 for hydrogeu, and 1 for oxygen. According to this, the 
simplest formula which can be assigned to a substance giving 
the above results on analysis is CjHcO. But the formula 
CiH^Oj is equally in accordance with the analytical results, and 
we can only decide between the two by determining the molecular 
weight. This, as is known, Is done by determining the specific 
gravity of the substance in the form of vapor. This operation 
is of the greatest importance. It is assumed that the student, 
who has already studied the elements of inorganic chemistry, is 
familiar with it, and with the exact connection which exists 
between it and the molecular weights of compounds. A few 
statements in r^ard to the connection will, however, l>e made 
here, in order to recall its chief points, and to impress npon the 
mind of the student its fundamental importance. 

Every chemical formula is intended to represent the molecule 
of a compound and the composition of the molecule. Our 
conception of the molecule is based almost exclusively ou 
Avogadro's hypothesis, according to which equal volumes of all 
gases contain the same number of molecules. Hence, by com- 
paring equal volumes of bodies in the form of gas or vapor, we 
get figures which bear to each other the same relations as the 
weights of the molecules. The figures called the specific gravi- 
ties express the relations between the weights of equal volumes. 
In the case of gases, air is taken as the standard, and the 
weights of other gases are compared with this standard. Thus, if 
we say that the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any volume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure is 0.916. If we assign to any com- 
pound a certain molecular weight, the molecular weights of other 
gaseous compounds can be determined without difficulty. "VVe 
must, therefore, first select some substance, the molecule of 
which may be used as the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other in only one proportion, and there is good evidence 
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in favor of the view tiiat it represents the simpleat kind of 
combiiiAlioD, viz., that of one atom of one element with one of 
another. Hydrogen and chlorine are present in the compound 
in the proportion of 1 part of hydrogen to 35.4 parts of chlorine ; 
hence the simplest molecular weight which can be aseigned to 
the compound, the atomic weight of hydrogen being 1, is 36, -4, 
The molecular weight of this standard molecule is, therefore, 
taken to be 36.4, and we have now simply to compare the 
weights of other gases with that of hydrochloric acid in order 
to know their molecular weights. Thus, to illustrate by means 
of the body whose atomic relations we found by analysis to be 
represented by the formulas CjHeO, C^HijOj, etc., if this body 
be converted into vapor and its specific gravity determined, it 
might be found to be l.C. Tbe relation between the molecular 
weight of any body and its specific gravity is expressed by the 
equation 

M= dx 28.88, 

in which M is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As d is 1.6 in 
the case under cousideration, we have 

Jtf(the unknown molecular weight) = l.G x 28.88 = 46.2. 

If the formula of the compound is CjHoO, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2 X 12 + C X 1 -f 16 = 46, 
which agrees with the figure deduced from the specific gravity. 
It therefore follows that the foi-mula CjHbO is correct. 

There are some other methods which may be used in deter- 
mining the molecular weight of a compound. Among these 
may be mentioned the analysis of salts. To illustrat* this, 
take tbe case of acetic acid. Analysis shows us that it must be 
represented by one of the formulas CHjO, CalljO,, CjHaOj, etc. 
If we make the silver salt, we find that its analj'sis leads us to 
the formula CJIaOsAg, and not CHOAg, and we hence conclude 
that the molecular formula of acetic acid is CJI^Oj. ioqIc 
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The methods for determining the specific gi-avity of vapors 
are assumed to have been described in the course in inoi^anic 
chemistry, which the student should have followed before begiu- 
ning the study of the compounds of carbon. 

Structural formula. —The foi-mulas C^HsO, CjH.Oj, CsHs, 

etc., tell ns simply the composition of the three bodies repre- 
sented, and t«ll us also the relative weights of their molecules. 
In studying the chemical conduct of these bodies, their decom- 
position, and the modes of preparing them, we become familiar 
with many facts which it is desirable to represent by means of 
the formulas. Thus, for example, but one of the four parts of 
hydrogen represented in the formula of acetic acid, CaHiOj, can 
be replaced by metals. It plainly differs from the three remain- 
ing parts, and it is natural to conclude that it is held in the 
molecule in some way differently from the other three. We may, 
therefore, write the formula C2H3O2.H, which is intended to call 
attention to the difference. By further study of acetic acid, we 
find that that particular hydrogen, which gives to it its acid 
properties, aud which, in the above formula, is written by itself, 
is intimately aasociated with oxygen. It may be removed with 
oxygen by very simple reactions, and the place of both taken 
by one atom of some other element; as, for example, chlorine. 
Thus, when acetic acid is treated with phosphorus tiichloridgj 
PCI3, it is converted into acetyl chloride, CjHjOCl, according to 
tills equation : — 

3 CjH^Oj + PCI3 = 3 CjHjOCl + POaHa. 
The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygen in acetic acid by one atom 
of chlorine, a fact which certainly points to an intimate connec- 
tion between the hydrogen and oxygen in the acid. Further, 
when acetyl chloride is bi-ought in contact with water, acetic 
acid is regenerated, hydrogen aud oxygen fi-om the water enter- 
ing into the place occupied by the chlorine, as represented in 
this equation : — 

CjHsOCl + H^O = C,HA + HCl. ^;^^j^j [^^, 



16 INTRODUCTION. 

From facts of this kind the conclusion is drawn that in acetic 
a«id hydrogen and oxygen are connected; or, as it is said, linked 
together; and this conelueion ia represented in chemical lan- 
guage by the fonniila CjHjO.OH, which may serve aa a simple 
illustration of what are called structural or constitutional for- 
mulas. In all compounds the attempt is made, by means of a 
thorough study of their chemical conduct, to trace out the 
connections existing between the constituent atoma. When 
this can be done for all the atoms contained in a molecule, the 
structure or constitution of the molecule or of the compound ia 
said to be determined. The structural formulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who understands the language in which they are written to aee 
relationa wliich might eaaily eacape his attention without their 
aid. In order to understand them, however, the student muat 
have a knowledge of the reactions upon which they are based ; 
and he is warned not to accept any chemical formula unless ho 
can see the reasons for accepting it. He should accustom him- 
self to ask the question, npon what facta is it based? whenever 
a formula is presented for the first time. If he does this con- 
scientJouslyhe will soon be able to use the language intelli- 
gently, and the beauty of the relationa which exist between the 
lai^e number of compounds of carbon will be revealed to him. 
If he does not, his mind will soon be in a hopeless muddle, 
and what he learns will be of little value to him. For the 
beginner, this piece of adrice is of vital importance : Study 
with great care the reactions of compounds; study the methods of 
■making them, and the decompositions which they undergo. Tlie 
formulas are but the condensed expressions of the condusions 
which are drawn from the reactions. 

General principle of olassifloation of the compoundB 
of carbon. — In considering the elements and compounda in- 
cluded undei the head of Inorganic Chemiatiy, the fundamental 
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Bubetances are, of course, the elements. The properties of the 
elements enable ua to separate them, for study, into a numbci 
of groups; as, for example, the chlorine group, including 
bromine, iodine, and fluorine ; the oxygen group, in which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studying the members of this group, there is found gi-eat 
similarity in their properties. Their hydrogen compounds next 
present themselves, and here the same similarity is met with. 
Then, in turn, the oxygen and the oxygen and hydrc^en com- 
pounds are considered, and again the resemblances in propei-ties 
between the corresponding compounds of chlorine, bromine, and 
iodine are met with. We thus have groups of elements, and 
of the derivatives of these elements : as, — 



CI 


CIH 


ClOsH 


Br 


BtH 


BrOsH 


I 


IH 


IO3H, etc. 



Of course, the chlorine group is quite distinct from the oxygen 
group and from all other groups ; and each member of the 
chlorine group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine comiiound 
from a chlorine compound, or a chlorine compound from a 
bromine compound without directly replacing the one element 
by the otlier. 

Now, when we come to study the compounds of carbon, we 
shall find that the same general principle of classification is 
made use of; only, in consequence of the pecnharities of the 
compounds, the system can be carried out much more perfectly ; 
the membei-8 of the same group can be transformed one into 
the other, and it is also in our power to pass from one group to 
another by means of comparatively simple reactions. 

The simplest compounds of cai'bou are those which contain 
only hydrt^en and carbon, or the hydrocarbons. All the other 
compounds may be regarded as derivatives of the liydrocarbons. 
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To begin with, there are several groups or series of hydrocar- 
bons, which correspond somewhat to the different groups of 
elements. The inembei-s of one and the same series of hydro- 
carhons resemble each other more closely than tlie members of 
one and the same series of elements. Although we have indica- 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of those, but two include more than two or three members which 
will need to he considered in this book. 

Starting with any series of hydrocarbons, several claseea of 
derivatives may be obtained by treating the fundamental com- 
pounds with different rei^ents. The chief classes of these 
derivatives are : (1) those containing halogens ; (2) those con- 
taining oxygen, among which are the acids, alcohols, ethers, etc ; 
(3) those containing sulphur ; and (4) those containing nitro- 
gen. Corresponding to every hydrocarbon, then, we may expect 
to find representatives of these different classes of derivatives. 
But the relations existing between any hydrocarbon and its 
derivatives are the same as those existing between any other 
hydrocarbon and its derivatives. Hence, if we know what 
derivatives one hydrocarbon can yield, we know what deriva- 
tives we may expect to find in the case of every other hydro- 
. carbon. The student who, for the first time, undertakes the 
study of carbon chemistry, is very apt to feel overwhelmed by 
the enormous number of compounds described in the book or by 
the lecturer. This large number is really not a serious matter. 
No one is expected to become acquainted with every compound. 
A great many of these need only be referred to for the purpose 
of indicating the extent to which the series to which they belong 
have been developed. In general, the members of any series 
so closely resemble one another, that, if we understand the 
simpler members, we have a fair knowledge of the more com- 
plicated members. 

It is proposed, in this treatise, to consider only the more 
important compounds and the more important reactions, the 
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object being rather to give a clear, general notion of the subject, 
than detailed information regarding particular compounds. 
Should the student desire more specific information concerning 
the properties of any of the compounds mentioned, he can 
easily find it in some larger book. It will, however, hardly 
be profitable for him, at the outset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
is so important that he should gain as quickly as possible. 

The plan which will be followed is briefly this : Of the first 
series of hydrocarbons tux> members will be considered. Then 
the derivatives of these two will be taken up. These deriva- 
tives will serve admirably as representatives of the correspond- 
ing derivatives of other hydi-ocarbons of the same series, and of 
other series. Their characteristics, and their relations to the 
hydrocarbons will be dwelt upon, as well as their relations to 
each other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been considered, the entire series of 
hydrocarbons wilt be taken up briefly, only such facts being 
dealt with at all fully as are not illustrated by the first two 
members. 

Aft«r the first series has been studied in this way, and a cleai* 
idea of the relations between the various clidB|)S has been 
obtained, a second series will be taken up anw-'treated in a 
simitar way, and so on. But, as already stated, but few of 
the' series require very much attention at the beginning. Tlie 
first series which will be used for the purpose of illustrating tilt- 
general principles is one of the two most imi>ortant series, and 
of the only two that need be considered at all fully at present. 
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CHAPTER II. 
METHANE AND ETHANE. - HOMOLOOOUS 



If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their properties, 
we would find that a lai^e mimbcr of them resemble marsh gas 
in their general conduct. Some of the points of resemblanee 
.are these: They ivre very stable, resisting with marked power 
the action of most reagents ; and nothing can be added to them 
directly, — if any change takes place in them, hydrogen is first 
given up. On arranging these substances according to the 
number of carbon atoms contained in them, we have a remark- 
able series, the first six members of which, together wilii their 
formulas, are included in the subjoined table : — 

Methane (or Marsh Gas) CH,. 

Ethane , CsH«. 

Propane 0|H(, 

Butane C,H„. 

Pentane CjHu. 

Hexane CoHh- 

On examining the formulas given, we see that the difference In 
comiK>sition between any two consecutive memt)ers is I'epreseuted 
by CHj,. Thus, adding CHa to marsh gas, CH,, we get ethane, 
CjHs ; adding CHj, to CjHg, we get CaHg, and so on, in each 
successive step. Any series of this kind, in which the succes- 
sive members increase in complexity by CHj, is called a homol- 
ogous series. 
Just as the membera of a homologous series of hydrocarbons 
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differ from one another by CH,, or some multiple of it, so 
also the memljers of any class of derivatives of these hydro- 
carbons differ from each other in tbe same way, and form 
homolc^ous series. Thus, runnitig parallel to the hydrocarbons 
mentioned above, we have two homolc^us series of oxygen 
derivatives, as indicated below : — 

CH< - CH4O - CHA- 
CjHo - CsH^O - CbH A- 
CgHj - C,H,0 - CHoO,. 
C(Hj„ - CiHiflO - C^HA- 
C^a - C^HisO - C,H«^s. 
CflH,, - CaH„0 - CbH,A- 

The relation observed between the members of the homologous 
series mentioned is by no means a peculiarity of the marsh gas 
series of hydrocarbons and of their derivatives, but is observed 
in connection with all other series of hydrocarbons and their 
derivatives. 

Strictiy speaking, there is perhaps no analogy for this re- 
markable fact among the elements and their compounds, yet 
facts which suggest analogy are known. Consider, for example, 
the chlorine series. We liave 

Chlorine, with the atomic weight, 35.4 
Bromine, " " " 80. 

Iodine, " " " 127. 

As is well known, the difference between the atomic weights of 
chlorine and bromine is approximately equal to the difference 
between those of bromine and iodine. In other words, there is 
a regular increase in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the atomic 
weights of these similar elements, just as there is a regular 
increase in the molecular weights of the similar members of a 
homologous series. While, however, a satisfactory hypothesis 
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has 1>een offered to account for the Utter fact, and experi- 
mental evidence is strongly in favor of the hypothesis, uo eatis- 
faetory explauation of the former has been offered ; or rather 
no satisfactory experimental- evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forward to accoimt for the similarity between members 
of the same group of elements. 

The view at present held in regard to the nature of homology 
is founded, primarily, uixin the idea that carbon is quadrivalent. 
If carbon is quadrivalent, it will readily be seen that the com- 
pound, marsh gas, CH„ is saturated ; that is, the molecule 
cannot take up anything without losing hydrt^en. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the molecule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of i^nioD 
taking place directly between the molecules CH, and CH4, but 
we can conceive of union taking place between the molecules 
CHj and CH,, to form a molecule CjHj, which in turn is satu- 
rated. Representing graphically what is believed to take 
place, we have, first, marsh gas, which we may represent thus, 
H 

H — C — H. If this loses one atom of hydrogen, we have the 

I H 

H I 

Dnsaturated molecule H — C — , which is capable of uniting with 

H 
another molecule of the same kind to form tlie more complex 
H H 

molecule H — C — C — H, or CtHg, which is believed to express 

H H 
the relation existing between marsh gas, CU,, and ethane, C2Hg, 
or between any two adjoining members of a homologous aeries. 
The evidence in favor of this view will be presented when the 
reacljons are considered by means of which the hydrocar- 
bons ore made. The explanation offered, and uow generally 
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accepted, involves the idea that <;arboii atoms have the power 
of uniting with each other. And, as the explanation for the 
relation between the iirat and second members is, Id principle, 
the same as for the relation between the second and third, the 
third and fourth, et«., it appears that this power of carbon atoms 
to unite with each other is very extensive. It is to the power 
which carbon possesses of forming homoli^ous series, or to the 
power of the atoms of carbon to unite with each other, that we 
owe the large number of compounds of this element. 

Methane (marsh gas, flre damp), CH,. — This hydro- 
carbon is found rising from pools of stagnant water in roarehy 

districta. If a bottle be filled with water and inverted with a 
funnel in its neck in such a pool, some of the gas may be col- 
lected by holding the funnel over the bubbles rising from the 
bottom. It is also found in lai^e quantities mixed with air, in 
coal mines, and sometimes issues from the earth, in company 
with other gases, in the neighborhood of petroleum wells. 

It may be prepared by passing a mixture of carbon bisulphide 
and hydrogen sulphide or water vaiwr over ignited metals, as 
indicated in the following equations : — 

CSj + 2 HiS -f 8 Cu = CHj + 4 Cu^, 
and CS, + 2 HjO + G Cii = CH, + 2 CujS + 2 CuO. 
■These methods are of special interest for the reason that they 
indicate the possibility of making marsh gas from the elements ; 
carbon bisulphide, hydrogen sulphide, and water all being made 
readily from the elements. 

It ia formed, as its occurrence in marshes indicates, by the 
decomposition of organic matter under water. In pure con- 
dition it is made most readily by mixing 2 parts sodium acetate, 
2 parts potassium hydroxide, and 3 parts quicklime, and heat- 
ing the mixture. Writing sodium instead of potassium hydrox- 
ide, the action which takes place is represented thus : — 
NaCjHijOj + NaOH = CH4 -1- NajCOa. 
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It will be shown hereafter tliat most acids of carbon break ap 
in a similar way, yielding a hydrocarbon and a carbonate. 

Properties. Marsh gas is colorless and inodorous. It is 
slightly soluble in water, but not so much so as to prevent its 
collection over water. It burns. Its mixture with air is explo- 
sive. It is this mixture which is the cause of the explosioos 
which 80 frequently take place in coat mines. 

Experiment 3. Make marsh gas from sodium acetate. Collect 
over water. Bum some as It escapes from a Jet, Mis a little with 
seven to eight times Its volume of air In a wlde-moathed cylinder of 
not more than 150 to 200™ capacity. Explode by applying a lighted 

Reagents, in general, do not act readily upon marsh gas. 
Clilorinc in diffused daylight gradually replaces the hydrc^en, 
forming a seiies of compounds which will be considered under 
the head of the halogen derivatives of methane. The simplest 
of them has the composition represented by the formula CHjCl, 
and is known as cMor-metkane or methyl chloride. 

Sthane, C^Hc Ethane rises from the earth from some of 

the gas wells in the regions in which petroleum occurs. It is 
also found dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CUjCI. As the corre- 
sponding iodine derivative is less volatile, it is used. This iodo- 
methane, GH^I, is treated with zinc or sodium In some neutral 
medium, as, for example, anhydrous ether. The reaction which 
takes place is represented thus : — 

CH3I + CH3I + 2 Na = CjHe + 2 Nal. 
This method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well calculated 
to show the relatione between the substances formed and the 
simpler ones from which they are made. 

An operation of the kind involved in the above-mentioiied 
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preparation of ethane is called a nynthesis. The eettestial feature 
of the ayntheeis ia the formation of a morfe complex body from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the use of various methods 
of synthesis. For example, in the case under consideration, the 
synthesis gives us at once a clear view of the relations between 
ethane and methane, and also su^ests that homolc^- may be 
due to similar relations between the successive members of the 
series, — a view which is fully confirmed by the synthetical prep- 
aration of the higher members. A similar method of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulphate. The action is represented thoa : — 

N%SA 1 , T _ NaSA ^ + 2 NaT 

Two mol. Kdinm Sodium Icln- 
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CHAPTER III. 

HALOOBN DERIVATIVES OP METHANE 
AND STHANE. 

Snbetitution. — When methane and chlorine are brought 
blether in diffnsed daylight, action takes place gradually; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to Uie length of time ttie action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formulas CH3CI, CHjCl^, CHCl,, and CCl,. We 
see thus that the action of chlorine consists in replacing, step 
by step, the hydrt^en of the hydrocarbon. The action is repre- 
Bented by the four equations : — 

(1) CH, + Cli = CH3CI + HCl 

(2) CH3CI + Clj = CHjClj + HCl 

(3) CHjCI, + CI, = CHCIa + HCl 

(4) CHCIj + Clj == CCl^ + HCl. 

This replacement of hydrt^en by chlorine is an example of 
what is known as substitution. We shall find that most hydro- 
carbons are very susceptible to the influence of the halogens 
and a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a lai^e number of derivatives may be 
made, differing from tlie hydrocarbons in tliat they contain one 
or more halogen atoms or complex groups in the place of the 
same number of hydrc^en atoms. It must be liorne in mind 
that the mere fact that chlorine, in acting npon marsh gas, 
replaces an equivalent quantity of hydr<^en, does not prove that 
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the chlorine in the product occupies the same place fbat the 
replaced hydrc^en did. Nevertheless, a careful study of all 
the facts regarding the products thus formed has led to the 
belief that the aubstitutitig atom or residue does occupy the 
same place, or bear the eame relation to the carbon atom as 
the hydrogen did. 

The name substitution-products properly includes all products 
made from the hydrocarbons, or from other carbon compounds, 
by the substitution process. The principal ones are those 
formed by the action of the halc^ena, or the ?ialogen substitution- 
products; those formed by the action of nitric acid, or the ni'(ro- 
substitution-proditcts ; and those formed by the action of sulphuric 
acid, or the svlphonic acids. The last are, however, not com- 
monly spoken of as substitution -products. 

Chlor-methano, methyl chloride, CHiCl. 

Brom-methaQe, methyl bromide, CHjBr. 

lodo-methane, methyl iodide, CHJ. 

The chlorine and bi-omine products can be made by treating 
methane with the corresponding element. They can be most 
easily made by treating methyl alcohol with the corresponding 
hydr<^en acids : — 

CH4O -I- HCl = CH3CI -I- HjO. 

Uelbyl Blcofaol. Chlor-melhane. 

Di-iodo-methane, methylene iodide, CHiIj. — This sub- 
stance is the principal halc^n derivative of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo- 
methane, CHIj, by treating with hydriodic acid, which latter 
acts simply as a reducing agent; — 

CHI, -h Hj = CHjIj + IH. 
As will be seen, this is a case of reverse substitution; in other 
words, the action ia the opposite of that described above as 
substitution. Methylene iodide is a liquid which boils at 180°, 
and has the specific gravity 3.342. 
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Chloroform, CHOlj. ■^ The best known and most exten- 
Eromoform, CHBj. [ sivelj used of these three derivatiTes 
Iodoform, CHIj. ) ia cMoroform or tri-chlor-methane. It 
is made by treating ordinary alcohol with " bleaching powder." 
The action is deep-seated, involving at least three different 
stages. It will be referred to more fully under the head of 
chloral (which see). Chloroform is a heavy liquid of specific 
gravity 1.526. It has an ethereal odor, and a somewhat sweet 
taste. It is scarcely soluble in water. It boils at 62°. It is 
one of the most valuable aneesthetics, though there is some 
danger attending its use. 

Slxperlment 4. Mis 130^ good bleaching powder and 1} litres water 
in a good sized flask. Add 100" alcohol (88 to 89 per cent), and lOW 
qulcbllme, and distil In a water bath. A mixture of alcohol, water, 
and chloroform collects In the receiver. Add milk of lime and calcium 
chloride. Remove the chloroform b; means of a pipette. 

Iodoform, which is used quite extensively in sni^erj', is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid snbstance, soluble in alcohol and ether, but insoluble in 
water. It crystallizes in delicate, six-sided, yellow plates. 
Melting-point, 119°. 

Experiment 6. Dissolve 20( crystallized sodium carbonate in 10(W 
water. Four 10> alcohol into the solution, and, after heating to 60° to 
eo^, add gradually 1(K Iodine. The Iodoform separates from the solu- 

Tetrorchlor-metkane, CCl,, is made by treating carbon bisul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of the hydrogen atoms in metkane. Having thus 
seen that the hydrogen atoms of methane can easily be replaced, 
an interesting question suggests itself as to whether these hydro- 
gen atoms all bear the same relation to the carbon atom. We 
accept the conclusion that the carbon atom is quadrivalent, 
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and that each of the four hydrogen atoms is in combination 

H(I) 

with it, as indicated in the formula (4tH~C-H(2), Do the 

H(3) 
atoms numbered 1, 2, 3, and i bear the same relation to the 
carbon or not? If they do not, then, on replacing H (1) by 
chlorine, the product should be different from that obtained by 
replacing H (2), H (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor-methane and of similar 
products. This subject is an extremely difficult one to deal 
with. We can only say that, although chlor-methane has been 
made in several ways, the product obtained is always the 
same one ; and the same is true of all other subsljtiition-pro- 
ducta of methane. Hence, we have no reason wliatever for 
believing that there are any differences between the hydrogen 
atoms of methane. We therefore conclude that they aU bear the 
same relation to the carbon atom. 

This conclusion is of fundamental importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
ing with all carbon compounds, as will be seen later. 

Chlor-ethane, ethyl chloride, G,H]C1. 
Brom-ethane, ethyl bromide, G,HjBr. 
lodo-ethane, ethyl iodide, G,HjI. 

These substances are all liquids having pleasant ethereal odors. 
The first boils at 12°, the second at 38.8°, and the third at 72°. 
They are most readily made from alcohol, by treating with the 
corresponding hydrogen acids. In the case of the bromide and 
iodide, it is simpler to treat the alcohol with red phosphorus 
and the halogen. The action is similar to that involved iu 
making hydrobromic acid by treating water with red phosphoi-us 
and bromine. It will be shown that alcohol is a hydroxide, 
in which hydroxyl (OS) is in combination witli the group CoHj, 
called ethyl, as represented in the formula CiH^.OH. When 
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bromine ia brought in contact with red phosphorus, the tribro- 
mide, PBr,, is formed, und this acts upon the alcohol thua : — 

- Cift.OH Br"! 

C.H,.OH + Br Ip = 3 CHjBr + P(OH)a. 

CsH»-OH Br J 
When water ia used iuetead of alcohol, the bromine appears in 
combination witli hjdrt^en aa hydrobvomic acid. 

Experiment 6. Arrange au apparatus as represeated Id Fig. 4. 
Id the flask place I(w red phosphorus and fiO: absolute alcohol. Put 
60K bromine in the glass-stoppered funnel, and, by means of the stop- 



Fig 1 

cock let the bromlneenttrthe flisk icrj slowly drop b) drop After 
allowing the mixture to stand for two or three hours, gently heat the 
water-bath, and the brom-ethane will distil over. Place the distillate in 
a glass-stoppered cylinder, and shake It first with water to which some 
caustic soda has been added, and then two or three times with water 
alone. Separate the water from the brom-ethane either by means of a 
pipette' or a separating funnel. Add two or three pieces of fused 
'o llquIdB of dlfffcrent apecLfic gravUlM mnybeflMUy 
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calcium chloride the size of a small marble, and let stand for a few 
hours. Tlien poor off into a clean, dry distililiig bulb, and dlBtU, noting 
the boiling-point. 

Among the many halogen substitution -products of ethane 
containing more than one halogen atom, only two will be men- 
tioned. These are the two di-cldor-ethanes, both of which are 
represented by the formula CjHiClj. The existence of these 
two substances, having the same composition but entirely dififer- 
ent properties, affords a good example of what is known as 
isomerism. 

Isomerism. — One of the most striking and interesting facts 
with which we become familiar in studying carbon compounds, 
is the frequent occurrence of two, and often more, substances 
containing the same elements in the same proportions by weight. 
Substances which bear this relation to one another are said to 
be isomeric. 

Isomerism is of two kinds : (1) Substances may have the same 
per centage composition and the same molecular weights. Such 
bodies are said to be metam^ric. The di-chloi'- ethanes, CjHjCl,, 
for example, are metameric. (2) Substances which have the same 
per centage composition but different molecular weights are said 
to be polymeric. Acetylene, C^Hj, benzene, CaHg, and styrene, 
CjHe, are polymeric. 
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82 DEEIVATIVES OP MEffHANB AND ETHAME. 

The cause of isomerism is UQdoubtedly to be fouDd in the 
different relations which the pails of isomeric compounds bear 
to each other. Our Btructural formulas, which show the relations 
between the parts of compounds which have been traced ont by 
a study of the chemical conduct of these compounds, give us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-clilor-ethanes. One of these is made by treating 
ethane, the other by treating ethylene, C2U4, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

C,H, + Clj = CtH,Cl,. 

The product from ethylene is called ethylene chloride; that from 
ethane, ethytidene chloride. It will be shown that ethylene is to 

CH, 
be represented by the formula 1 ; that is, that in it two hvdro- 

CH, 
gen atoms are in combination with each of the carbon atoms. 
Now, if chlorine is brought in contact with this substance, we 
would naturally expect each of the carbon atoms to take up one 
atom of chlorine, and thus to become saturated, as represented 
in the equation, — 

CH, CI CH,C1 

I + = I 

CHj CI CHjCI. 

Chlorine is taken up, and it is believed that the etfaylene 
chloride obtained has the structure represented in the formula 
CH,C1 

I , the distinctJTe feature of which is that each of the chlorine 
CH,CI 
atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; viz., that 
the chlorine atoms are both in combination with the same 



would be inclined to the view that this represents the structure 
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of ethylidene chloride. Fortunately we have experiineDtal evi- 
dence to support this view. It will be shown that aldehyde 

CHO 
has the formula [ . When aldehyde is treated with pboe- 

CH, 
phorus pentachloride, two chlorine atoms take the place of the 
oxygen. A product which must be represented by the formula 
CHCl, 

I ie formed, and this is identical with ethylidene chloride. 

CH, 

Thus it will be seen that the difference between the two iso- 
meric compoands, ethylene chloride and ethylidene chloride, 
may be said to depend upon the fact that in the former the 
two chlorine atoms are in combination with different carbon 
atoms, while in the latter both are in combiuatiou with the same 
carbon atom. 

General charaderiatics of the halogen derivatives of methane 
and ethane. The one characteristic to which it is desirable 
that special attention should be called is the firmness with which 
the halogens are held in the compounds. Chlorine, in combina- 
tion with a metal in the form of a soluble compound, can always 
be removed by addition of silver nitrate. It cannot easily be 
BO removed when present in substitution products of the hydro- 
carbona. If silver nitrate be added to a solution of chlor- 
methane, CH3CI, no precipitate is formed. On the other hand, 
when chlor-methane is heated with a silver compound, the chlorine 
is removed. Sodium and zinc have the power of extracting the 
chlorine, bromine, ete., from halogen derivatives, and this fact 
is taken advantage of in the synthesis of many hydrocarbons. 
(See "Ethane," p. 24.) 
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CHAPTER IV. 

OXYGEN DERIVATIVES OP METHANE 
AND ETHANE. 

There are eeTeral closseB of oxygen derivatives of the hydro- 
caibons. Among them are the important compouDds known as 
alcohols, ethers, aldehydes, and acids. Each of these classes 
will be taken up in turn. 

1. Alcohols. 
Among the most important oxygen derivatives are (he alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the beat known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions are indicated by the formulas, — 

HfdrocatlwnB. Alcoholj. 

CH4 CH^O 

CjHg CjHgO. 

The molecule of the alcohol differs from that of the correspond- 
ing hydrocarbon by one atom of oxygen, In order to under- 
stand the chemical nature of alcohols, it will be best to study 
with some care the reactions of one ; and we may take for this 
purpose the simplest one of the series, viz., methyl alcohol. 

Methyl alcohol, CH,0. — This alcohol is known also as 
wood spirits. It is found in nature in combination in the oil 
of wintergreen. It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneoiis acid or wood vinegar. Wood is distilled 
in large quantities for various purposes; chiefly however, for 
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making charcoal. In some charcoal factories the distillate is 
collected and utilized. Wood is distilled also for the purpose 
of making vinegar, or pure acetic acid. 

It is not an easy matter to get pure metbyl alcohol from crude 
wood spirits. Fractional distillation alone will not answer ; 
though, if the mixture be distilled for some time, and the impure 
alcohol thus obtained. then converted into some crystalline deriv- 
ative, the latter can be purified and then decomposed in such 
a way as to yield the alcohol in pure condition. 

Methyl alcohol is a liquid which boils at fiC.T", and has the 
specific gravity 0.8142 at 0°. It closely resembles ordinary 
alcohol in all ita properties. It burns with a non-luminous 
flame. When taken into the system it intoxicates. In concen- 
trated form it is poisonous. It is an excellent solvent for fats, 
oils, resins, etc., and is extensively used for this purpose. 

1. Action of hydrochloric, kydrobromic, and other acids on 
methyl alcohol. The action of a few acids is represented by 
the following equations : — 

CH,0 + HBr = CHjBr + HjO ; 

CHiO + HCl = CHjCI + H,0 ; 

CH,0 + HNOa = CHjNOs + H^O ; 

2 CHp + HJSO^ = (CHi,)2S04 + 2 H,0. 

The action is plainly suggestive of that of metallic hydroxides 
or bases. In each case the acid is neutralized and water is 
formed, just as the acid would be neutralized by potassium 
hydroxide. 

2. Action of phosphonia trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor-methane 
and phosphorous acid : — 

3 CH,0 + PCI, = 3 CH3C! + P(OH)g. 

Here an atom of oxygen and an atom of hydrogen are together 

replaced by one atom of chlorine, the reaction being like that 

which takes place between water and phosphorus trichloride : — 

3 H,0 + PCls = 3 HCl + PCOH),. ^^;^^^ [^. 



36 DERIVATIVES OF METHANE AND ETHANE, 

This fact would lead ae to suepect that there is some resem- 
blance between the alcohol and water. 

3. Action of potassium and aodiuin. When potassium is 
brought in contact with pure methyl alcohol, hydrogen is given 
off, and a compound eontaiaing potassium is formed : — 

CH,0 + K = CHjKO + H. 
Further treatment of this compound with potassium causes no 
further evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 
other three. 

The resemblance between methyl alcohol and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance between tlie alcohol and water; and, 
finally, the replacement of one, and only one, hydrt^en atom 
by potassium, lead to the conclusion that the alcohol contains 
hydrogen and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydroxyl 
(OH) , The analogy between the alcohol, a metallic hydroxide, 
and water, is shown by these formulas: alcohol, CHj.OH; 
hydroxide, K.OH ; water H.OH. Thus water appears as the 
type of both tiie hydroxide and the alcohol, aud they may be 
regarded as derived from water by replacing one hydrogen atom 
by the group CH^, in the case of the alcohol, and the metal 
potassium in the case of the hydroxide. Or, on the other hand, 
methyl alcohol may be regarded as marsh gas in which one of 
the hydrogen atoms is replaced by hydroxyl. This is the view 
which is universally held. 

To test the correctness of the view, we may try to make 
methyl alcohol in some way that will show us of what parts it is 
made up. Thus, we might start with marsh gas, and introduce 
a halogen, as bromine. Now, if we bring brom-metliane to- 
gether with a metallic hydroxide, the bromine and the metal 
may unite, leaving the hydroxyl and the group CH3, which may 
unite also, as indicated in the equation 

CHjBr + MOH = CH3.OH + MBr. 
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If methyl alcohol could be made in this way, we should have 
verj- clear proof of the correctness of the view expressed in the 
formula CHj, OH. While no reaction of this kind bae been used 
in the preparation of methyl alcohol, so many alcohols have been 
made in this way that the proof is overwhelming. 

The reactions above considered show that the part of methyl 
alcohol which corresponds to the metal in the hydiciide is the 
group CHj. This it is which enters into the acids in place of 
their hydrc^en, and this remains unchanged when potassium 
acts upon the alcohol. It baa received the name methyl. Hence 
we have the names methyl alcohol, methyl bromide, methyl 
ether, etc. A group which, lilse methyl, appears in a number 
of compounds is called a radical, or residue. These names are *^ 
intended simply to designate that part of a carbon compound 
which remains uucbange<^l when the compound is subjected to 
various transforming influences. 

The two most characteristic reactions of methyl alcohol are ; 
(1) its power to form salt-like, neutral boclies when treated 
with acids; and (2) its power to form an acid when oxidized. 

The neutral liodies formed with acids correspond to the salts 
of metals, only they contain the radical, or residue, methyl, 
CHg, in the place of metals. They are called compound ethers 
or ethereal aaUs. 

The acid formed by oxidation has the comixisition expressed 
by the formula CHjOb. It differs from the alcohol by contain' 
ing one atom of oxygen more and two atoms of hydrogen less. 
It wiU be shown that this acid is the first of an important series 
of acids, known as the faity acids, each of which bears the same 
relation to a hydrocarlxin containing the same number of carbon 
atoms that this simplest acid bears to marsh gas. 

Btiiyl aloohol, C,Hs.OH. — This is the best known sub- 
stance belonging to the class of alcohols. It is known also by 
the names sjAnts of wine and ordinary alcohol. It occurs in 
small quantities widely distributed in nature. 
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By continued treatment with lime the quantity of water may be 
reduced to one-half a per cent, and this small quantity may be 
removed by treatment with metallic sodium. 

EIxp«rlni«iit 8. Prepare absolute alcohol from ordinar; strong 
alcohol. For this purpose a good-sIieiJ flask is one-half to two-thirds 
fliled with quicklime broken Into small lumps. The alcohol Is poured 
upon the lime, and allowed to stand at least twenty-four hours, when 
it is distilled off ou a water-bath. If the alcohol used contains con- 
siderable water, It is necessary to repeat the treatment with lime. 

Fui'e ethyl alcohol haa a peculiar, pleasant odor. It is 
claimed, however, that perfectly anhydrous alcohol has no 
odor. It remains liquid at very low temperatures, but has 
recently been converted into a solid at a temperature of — 130.5°. 
It boils at 78.3°. It burns with a non-lumioouB flame, which 
does not leave a deposit of soot on substances placed in it. It 
may hence be used for heating purposes in chemical labora- 
tories. When mixed with air its vapor explodes when a flame is 
applied. Its effects upon the human system are well known. 
It intoxicates when taken in dilute form, wliile in large doses it 
is poisonous. It lowers the temperature of the body from 0.5° 
to 2° when taken internally, although the sensation of warmth 
is esperienced. 

Alcohol is the principal solvent for substances of oi^anic 
origin. It is hence extensively used in the arts, as in the manu- 
facture of varnishes, perfumes, and tinctures of drugs. 

The many beverages which are in use depend for their effi- 
ciency upon the presence of alcohol in greater or smaller quantity. 
The milder forms of beer contain from 2 to 3 per cent ; light 
wines, such as claret, about 8 per cent ; while whiskey, brandy, 
rum, and other distilled liquors sometimes cont^n as much as 60 
to 75 per cent. These distilled liquors are nothing but ordinary 
alcohol with water and small quantities of substances obtained 
from the fruit or grain used in their preparation, or obtained by 
standing in barrels made of oak wood. The different flavors 
are due to the small quantities of these substances. 
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Chemical condiict of ethyl alcohol. All that was said in regai-d 
to the cheiDical conduct of methjl alcohol applies to ethyl 
alcohol. The action of adds, of phosphorus trichloride, of 
the alkali metals, and of oxidizing agents is the same as in the 
case of methjl alcohol, only the products formed contain the 
radical, ethyl, CsHj, instead of methyl. 

Note for Stodeht. — The student is advised to write the equa- 
tions representing the action of hydrochloric, hydrobroraic, and nitric 
Bclds ; of phosphorus trichloride ; and of potassium, upon ethyl alcohol. 
What is the composition of the acid formed by oxidation of ordinary 
alcohol? 



As has been shown, when an alcohol is treated with potas- 
sinm or sodium, compounds are formed having the for- 
mulas 

CHjONa, CH3OK, CjH.OK, C^HjONa. 

If one of these be treated with a mono-halogen derivative of 
a hydrocarbon, as, for example, iodo-methane, CH3I, reaction 
takes place thus : — 

CHjONa + CHjI = CsHjO + Nal. 

The reaction leaves very little room for doubt in regard to 
the structure of the compound CaHjO. It must be represented 
by the formula CH, - O - CH,, or ^JJ' > 0, or (CHs)^©. 

Comparing it with methyl alcohol, we see that it is obtained 
from the alcohol by replacing the hydrogen of the hydroxyl by 
methyl, CHg. Just as the alcohol is analogous to the hydroxide 
KOH, so the new compound is analogous to the oxide KjO. 
It is the representative of a class of bodies known as ethers, 
which are analc^ous to the oxides of the metals. Our ordinary 
ether is the chief representative of the class. 

While the reaction above mentioned serves admirably to show 
the relations between the alcohols and ethers, it is not the one 
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that is mode use of in their pKiiaration. This consists in ti-eat- 
ing the alcohols nitli sulpliuric acid, and distilling. 

Ethyl ether, C.Hi,0 = (C^Hj),0. — This is the substance 
commonly known simply as ether, or anlpkuric ether. The latter 
name was originally given to it because sulphuric acid is used 
in its manufacture, and plainly not because any sulphur is con- 
tained in it. 

Theoretically, the simplest way to make ether from alcohol 
is to make the sodium compound of alcohol, CsHjONa, and to 
heat this with brom- or iodo-ethane thus : — 

CjHjONa + C,HJ = (C^,)^ + NaT. ' 

Practically, however, ether may be made much more readily, 
and it is made on the lai^e scale by mising sulphuric acid and 
alcohol in certain proi>ortiou9, and then distilling the mixture 
as described below. Two distinct reactions are involved in this 
process. First, wheu alcohol and sulphuric acid are brought 
tc^ether, half the hydrc^en of the acid is replaced by ethyl 
thus : — 

C^sOH + JJ > SO, = ^'^' > SO. + H^. 

The product thus formed is called ethyl-s'tlphuric acid. 

ExperlmeDt 9. Slowly pour 20 to 30™ coucentrated BUlphnric acid 

Into about the same volume of alcohol of 80 to 90 per ceut. SUr 
thoroughlj. and dilute with a litre of water. In an evaporating dish 
add powdered barium carbonate until tlic liquid is neutral. Filler, 
and examine the clear filtrate for barium. Its presence shows that a 
soluble barium salt haa been formed. Tlils Is iiarium ethyl-sulphate, 
Ba(C,HjSO,),. 

When ethyl-sulphuric acid is heated with alcohol, ether is 
formed, and sulphuric acid is regenerated thus : — 

C^(OH + ^'^^ > SO. = cj > *^ + ^^^'• 
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The ether thaa formed distils over; and, if ftlcohol be admitted 
to the Bulpburic acid, ethyl-sulphuric acid will again be formed, 
and with excess of alcohol it will yield ether. The actual 
method of procedure is described in 

Kxperiment lo. Arrange an apparatus as sbown la Fig. 6. In 
the flask put a roixtore of 20W alcohol, and 360* ordinary concei:- 
trateJ sulphuric acid. It Is better to mix them in another vessel, 
and allow the mixture to stand for some time uutil it Is tborougblj 






Fig. 6 



cooled down; and then to pour off from the precipitated lead sulphate as 
completely as possible. Now heat until the thermometer Indicates the 
temperature 140°. At this point the mixture boils, and ether begins to 
pass over. As soon as this is noticed, open the stop-cock of the vessel 
A, and let a slow stream of alcohol pass Into the distilling flask through 
the tube B, which mnst reach beneath the surface of the mixture. 
Regulate this stream so that the temperature remains as near 140° as 
possible. In this way the operation can he kept np for a considerable 
time, the alcohol admitted to the flask passing out as ether, and being 
collected together with some alcohol In the receiver. After about a 
half litre to a litre of distillate has been collected, stop the operation. 
The mixture in the distilling flask may be kept In a stoppered bottle 
and used again when needed. Pour the distillate Into a glass-stoppered 
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cylinder, and add water. The ether will rise to the top, forming a 
distiuct layer, and ma; be removed by means of a pipette or separating 
flinnel. It should be shaken in this way a few times with water; then 
treated with a little calcium chloride ; and, after standing, poured oflf 
into a dry flask, and distilled on a water-bath. 

N.B. Never boil ether over afreefiame; and, in working witit U, 
always carefully avoid the neighborhood of flames. In boiling it on a 
■water-bath, do not heal the water to boiling. 

Ether is a colorless, mobile liquid of a peculiar odor and 
taste. It boils at 34.9°. (Hence the necessity for the pre- 
cautions mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have jou bad that it is lightsr than water?) 
It is very inflammable. 

Bxperiment It. Put a few cubic centimetres of ether In a small 
evaporating dish, and apply a flame. 

When its vapor is mixed with idr, the mixture is extremely 
explosive. Ether is somewhat soluble in water, and wat^ is 
also somewhat, though less, soluble in ether ; so that when the 
two are shaken together the volume of the ether becomes 
smaller, even though every precaution is taken to avoid evapor- 
ation. Ether mixes with alcohol in all proportions. It is a 
good solvent for resins, fats, alkaloids, and many other classes 
of carbon compounds. 

It is an excellent anaesthetic, and is used extensively in this 
capacity. In consequence of its rapid evaporation, it is used 
to produce cold, as in the manufacture of ice. So, also, when 
brought against the skin in the form of spray, the cold produced 
is so great as to cause insensibility. 

Experiment 12. In a thin glass test-tu1}e put 6™ water. Introduce 
the tube Into a small beaker containing some ether. Force air through 
the ether by means of a bellows. The water will be frozen. 

Chemical conduct of ether. If we were dependent upon the 
decompositions and general reactions of ether for our knowledge 
of its structure, we would be left iu grave doubt as to the rela- 
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tions existing between it and alcohol. Its decompositions are 
mostly deep-seated, and not easily explained. Fortunately, as ■ 
we have seen, its synthesis from sodium ethylate, CjHjONa, and 
iodo-ethane, CjHalt leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with water aud a small quantity of sulphuric acid to 
150°, it is converted into alcohol ; — 

^">0 + ^>0 = 2 C^HjOH. 

Treated with hydriodic acid at a low temperature, alcohol 
and iodo-etbane are formed : — 

^' > O + ^ = C,H.OH + CjH^. 

Mixed ethers. — Just as ordinary or ethyl alcohol yields 

ethyl ether, so methyl alcohol yields methyl ether, (CHj);©. 

By modifying the method, a mixed ether, methyl-ethyl ether, 

' ' > 0, may be obtained. This is formed by treating sodium 

methylate with iodo-ethane, or by treating sodium ethylate with 
iodo-methane : — 



CHjONa + CH,I : 



. CjHj . 



It is formed also by distilling methyl alcohol with ethyl-sul- 
pliuric acid, or ethyl alcohol with methyl-sulphuric acid : — 



;'>o+ '-'y>so, = '2"'>o + H^o.. 



Methyl ether and methyl-ethyl ether are very sunilar to ordinary 
ether. 
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3. Aldehydes. 

It has been stated aboye that wbeo methyl and ethyl alcohols 
are oxidized, they are converted into acids having the formulas 
CHjOj and CjH^O,, respectively. By proper precautions, prod- 
ucts can be obtained intermediate between the alcohols and 
acids, and differing from them in composition in that they 
contain two atoms of hydrogen less than the corresponding 
alcohols. These products are called aldehydea, from alcohol 
dehydrogenatum, from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydrocarbons, alcohols, and 
aldehydes are shown by these formulas : — 

H^di 



drocarbons 


ArcoholB. 


Ald«b7d« 


CHi 


CH^O 


CHsO 


C,H« 


C,H/) 


C^.O 


etc. 


etc. 


ete. 



Methyl aldehyde, formic aldehyde, GH^. — This is 
made by gentle oxidation of methyl alcohol, aa by passing the 
vapor of the alcohol with air over a heated platinum spiral. It 
is a very volatile liquid, which, up to the present, has not been 
prepared in pure condition. 

In order to gain a clear insight into the nature of the alde- 
hydes, it will be best to study the best-ltnown representative of 
the class, which is ethyl aldehyde. 

Ethyl aldehyde, acetic aldehyde, CsH.O. — The name 
ethyl aldehyde is intended to recall the connection between the 
substance and ethyl alcohol ; while the name acetic aldehyde is 
given to it because, by further oxidation, it is converted into 
acetic acid. The latter is perhaps the better name, as the alde- 
hyde really does not contain ethyl, Callj, as is evident from its 
molecular formula. 

Acetic aldehyde is formed whenever alcohol is brought in 
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contact with aa^xidiziDg mixture; as, for example, potasuiuu 
bichromate and dilute sulphuric acid. 

Experiment 13. Dissolve n little potassium bicliromate in water, 
aud add snlphurlc acid. Now add a few cubic centimetres of alco- 
tol, and notice the odor wliich Is that of aldehyde. Notice, also, 
tbe change of color of the solution, showing tlie reduction of tli<' 
chromate. 

As aldehyde is a very volatile liquid, it is difficult to collect it. 
Id preparing it, it is therefore better to pass it into some liquid 
which will absorb it, and then afterwards separate it by some 
appropriate method. A good method is that described below. 

Elxperimeut 14. Arrange an apparatus as shown in Fig. 7. Put 
120k granulated potassium bichromate In the flask A, which must have 
a capacity of 1{ to 2 litres. Make a mixture of KMK concentrated sul- 



phuric acid, 48CK water, and 12CK alcoliol. Cool the mixture down to 
the ordinary temperature, and then pour it sloinly through the funnel- 
tube B into the flask cantoning the potassium bichromate. The 
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flask Bbould stand on a nater-bath cont^ning cold water. The cylin- 
ders C and D are about half Oiled witb ordinary ether, each one con- 
talnlng about 200" ethpr, and placed in the large vessel F, nhicta 
contains Ice water. 

Usoally, when tl»e alcohol, water, and sulpharic acid are ponred npon 
the bichromate, the action tiegins withoat application of heat. At times 
it takes place rapidly, ."o that the liquid should always be added elowlf . 
The aldehyde whicii is thus formed, together with some alcohol and 
water vapor, passes Into the condenser-tutie, where the greater part of 
the alcohol and water Is condensed and returned to the flask, while 
the aldehyde, being oincb more volatile, passes into the ether and is 
there absorbed. After the action is over, the distilling vessel and con- 
denser are removed, and, at E, connection is made with an apparatus 
furnishing drg ammonia gas. The gas is passed Into the cold ethereal 
Holation of aldehyde to the point of saturation. A beautlAilly crystal- 
lized coropound of aldehyde and ammonia, known as aldehyde^iutnonia, 
Is deposited. The ether is poured olt, and the crystals placed on filter- 
paper. The; gradually undergo change In the air, becoming yellow, 
and acquiring a peculiar odor. If the crystals are placed in a flask and 
treated with dilute sulphuric actd, pure aldehyde passes over, and may 
be coudensed bj Ice-coid water. 

In the process of purification of ordinary alcohol it is filtered 
ttirough charcoal. It is tiias partly oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions which pass 
over contain aldehyde, which is obtained oo the lai^e scale by 
repeated distillation of these " first rnnmnga." 

Aldehj-de is a colorless liquid, boiling at 21°, It mixes with 
water and alcohol in all proportioDs. ItB odor is marked ana 
characteristic . 

From the chemical stand-point, the most characteristic prop- 
erty of aldehyde is Its power to unite directly with other sub- 
stancee. It unites with oxygen to form acetic acid ; with 
hydri^en to form alcohol ; with ammonia to form aldehyde- 
ammonia, C5H,O.NH3 ; with hydrocyanic acid to form alde- 
hyde hydrocyanide, CjHjO.HCN; with the acid sulphites of 
the alkalies forming compounds repreaeufed by the formulas 
CjH.0.HKS03 and CjH^.HNaSOa; and with other substances. 
Indeed, if left to itself, it readily changes into polymeric modl- 
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fications, uniting with itself to form more complex bodies, 

paraldehyde and metaldehyde. 

Paraldehyde, CeHuOs- — This ia formed by adding a few 
drops of concentrated sulphuric acid to aldehyde, which causes 
the liquid to become hot. On cooling to 0°, the paraldehyde 
solidifies in crystalline form. It melts at 10.5°. It dissolvea 
in eight times its own volume of water. Boils at 124°. When 
distilled with dilute sulphuric acid, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of it-s vapor has 
been found to be 4.683. This leads to the molecular weight 
132.4, and consequently to the formula C^HuO,. It is called a 
polymeric modification of aldehyde. The cause of the peculiar 
action, and the structure of the product are not known, 

Metaldehyde, (OaHjOi. — Metaldehyde is formed in much 
tlie same way as paraldehyde, only a low temperature (l>elow 
0°) is most favorable for its formation. It crystallizes in needles, 
which are insoluble in water, and but slightly soluble in alcohol, 
chloroform, and ether in the cold, though moi'e readily at a 
slightly elevated temperature. When heated to 120° in a sealed 
tube, it is converted into aldehyde. Hence its vapor density 
cannot be determined, and its molecular weight is unknown. 
It has the same composition as aldehyde and paraldehyde, 
but it is probably more complex than the latter; that is, its 
molecule is probably made up of a larger number than thiee 
molecules of aldehyde. Distilled with dilute sulphuric acid, 
etc., it is easily converted into aldehyde. 

In consequence of tlie tendency of aldehyde to unite with 
oxygen, it is a strong reducing agent. When added to an 
ammoniacat solution of silver nitrate, metallic silver is deposited 
on the walls of the vessel in the form of a brilliant mirror. 

Experiment IG. To a weak aqueous sohitlon of aldehyde, or of 
alde)iyde4inmoni)i, Id a test-tube, add a, few drops of amiDonia and of 
a solution of silver nitrate. Warm gently ; and. wlien the deposit on 
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the walls of the tube begins to appear, stop heSitlDg. A brilliant mirror 
of metallic sliver will appear. This method is used in the maDafac- 
tare of mirrors. What twcomes of the aldelifde? 

Chemical transformations of aldehyde. As aldehyde is pro- 
duced from alcohol by oxidation, so alcohol can be formed 
from aldehyde by reduction : — 

CjHaO + O = CjH.O + H,0 ; 
C^HiO + Hj = CjH,0. 
By oxidation aldehyde ia converted into an acid of the formula 
C1H4O2, wtiich is acetic acid ; and, by reduction, acetic acid is 
converted into aldehjde : — 

CjH^O -I- O = CiHA ; 
CjH^Oj + Hj = C^^O + H,0. 
Treated with phosphorus pentachlortde, aldehyde yields ^kyl- 
idene cMoride, CaHjClj (which see). This reaction is of special 
interest and importance, as it helps tis to understand the relation 
between aldehyde and alcohol. Alcohol, as has been shown, 
is the hydroxide of ethyl, CjHj.OH. When oxidized it loses 
two atoms of hydrc^en. Is the hj-drogen of the hydroxyl 
one of the two which are given off? If bo, what readjustment 
of the oxygen takes place? Such aie the questions which we 
have a right to ask. 

To understand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change is 
represented by the equation 

H,0 + PCI, = POCI, + 2 HCl. 
Next, the oxichloride, POCI3, is acted upon thus : — 
3 HjO + POCI3 = P0(0H)3 + 3 HCl. 
Or, expressing both changes in one equation, we have ; — 
4H2O+ PClj =P0C0H)s + 5HCl. 

C,q,t,=cdbvC00g[C 



ALDEHYDE. 51 

The phoephoruB pentachloride gives up its chlorine and takes 
up oxygen, or oxygen and hydrogen, in its place, Tbis is the 
general tendency of the chlorides of phosphorus. 

Now, when a chloride of pbospUoma is brought together with 

an alcohol, the oxygen is replaced by clilorine, two atoms of 
the latter for one of Uie former, thns : — 

CjHj.OH + PClj = CsHsCI.ClH + POCl,. 

But as hydroxy!, — — H, is univalent, its place cannot be 
taken by two atoms of chlorine and one of hydrogen, and the 
two chlorine atoms have not the power of linking the hydrogen 
to the ethyl. Hydrochloric acid is given off, and a compound is 
formed, which may be regarded as alcohol in which one chlorine 
atom takes the place of the hydroxy!. This is the kind of 
action which takes place whenever a chloride of phosphorus acts 
upon a compound containing hydroxy! ; and ice hence malce use 
of the reaction for determining whether hydroxyl is or is not 
present in a compound. 

When aldehyde is treated with phosphorus pentachloride, the 
action is entirely different from that juat descrit>ed. Instead of 
a hydrogen and an oxygen atom being replaced by one chlo- 
rine, the oxygen atom alone is replaced by two chlorine atoms: — 

CbH,0 + PC!, = C,H,Cl5 + POCla. 

If the explanation above offered of the action of phosphorus 
pentachloride on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily understand why the 
oxygen atom should be replaced by two chlorine atoms, if it 
is in combination only with carbon as in carbon monoxide, CO. 
There is an essential difference between this kind of combina- 
tion and that which we have in hydroxyl as C — — H. In 
the latter condition the oxygen serves to connect carbon with 
hydr<^en ; in the former it is in combination only with the 
carbon, and, presumably, the force which holds it can also hold 
two atoms of chlorine or of any other univalent element with 
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which it can unite. So that, if oxygen be in a componnd in 
the carbon monoxide condition, we would expect it to be re- 
placed by two atoms of chlorine when the compound is treated 
with phosphorus pentachloride. Let R.CO represent any such 
compound ; then we would have : — 

ECO + PClj = R.CClj + POCl, ; 
while, when oxygen is present in the hydroxyl condition^ we 

B.C - O - H + PCls = E.CCl + POCl, + HCl. 

Just as the latter reaction is used to detect the presence of 
hydroxyl oxygen, so the former is used to detect oxygen in the 
other condition, which is commonly known as the carbonyl con- 
dition. 

In terms of the valence hypothesis, it is said that in the 
hydroxyl compounds oxygen is in combination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented by the formula H,C = O. 
O 

Its homologue, acetic aldehyde, is CH,.C— H. The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 

O 

li 
group, C — H, which is called the aldehyde group. We do not 
know that the double line in the formula conveys any correct 
idea in regard to the relation between the carbon and oxygen. 
All that we know is that these two elements do occur in two 
different relations to each other, and the formulas C — O — H 
and C = recall these relations. They are expressions of facts 
established by experiment. Our "notions in regard to these 
relations are lai^ely dependent upon the reactions with the 
chlorides of phosphorus referred to above. ( "onolc 
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Chloral, trichloraldehyde, CCIa.OHO. — When chlorine 
acta directly upon aldehyde, complicated reactions take place 
which need not be conaidci-ed here. If, however, water and 
calcium carbonate are present, substitution takes place, and 
trichloraldehyde is formed. When alcohol is treated with 
chlorine, a double action takes place ; Ist. The alcohol is 
changed to aldehyde thus : — 

CHs-CHjOH + CIb = CH3.COH + 2 HCl. 

Then the chlorine acts upon the aldehyde, replacing the three 
hydrogens of the methyl, forming trichloialdehyde : — 

CHj.COH + 6 CI = CCI3.COH + 3 HCl. 

In reality the aldehyde first formed acts upon the alcohol, 
forming an intermediate product which is act«d upon by the 
chlorine. The chlorine product thus formed breaks up, forming 
chloral. The essential features of the reaction, however, are 
stated in the above equations. Trichloraldehyde is the sub- 
stance commonly known as chloral. It is simply the tri-chlo- 
rine substitution product of aldehyde. It has all the general 
properties of aldehyde, and the conclusion is therefore justified 
O 

that it contains the aldehyde group — CH. 

Chloral is a colorless liquid, which bolls at 94°, and has the 
specific gravity 1.5, 

NoTB FOR Stubknt. — Glvc the formulas of compounds formed 
wlieu chloral Is brought together with ammonia, hydrocfanic acid, and 
the acid sulphites of the alkalies. What ts the formula of the acid 
formed b; its oxidation? The answer is given In the statement that 
the general chemical conduct of chloral is the same as that of aldehyde. 

When chloral and water are brought together, they unite to 
form a crystallized compound, chloral hydrate, CjHClaO + H^O, 
which is easily soluble in water, and crystallizes from the solu- 
tion in beautlfal, colorless, monoclinic prisms. It melts at46°- 
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Taken internally in doses of from 1.5 to 5", it produces sleep- 
In larger doses it acts as an anieethetic. 

When treated with an alliali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 



This reaction, taken tc^ether with those which give chloral 
from alcohol, enables ua to underBtand the reaction which is 
used in makiug chloroform and iodoform. 

Note for Studbbt. — How Is chloroform made? How may the 
method be explained? Answer the aame questions for iodoform. The 
bleaching powder used In preparing chloroform furnishes chlorine. la 
an alkali present? 

4. Acids. 
When methyl and ethyl alcohols are oxidized, they are con- 
verted first into aldehydes, and then the aldehydes take up 
oxygen and are converted into acids. The relations in compo- 
eition between the hydrocarbons, alcohols, aldehydes, and acids 
are shown in the subjoined table : — 





AlcohoLi. 


Aldebydu. 


Add*. 


CH, 


CH4O 


CHjO 


ca,o, 


CA 


CMJ^ 


C,H,0 


CAO, 



The two acids whose formulas are here given are the well- 
known substances, formic and acetic acids. 

Fonnio acid, CHiOj. — This acid occurs in nature in red 
ants, in stinging nettles, in the shoots of some of the varieties 
of pine, aod elsewhere. 

It may be prepared by distilling red ants, but is best prepared 
by heating oxalic acid with glycerin. Oxalic acid has the 
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composition represented by the formula CjH/),. When heated 
in glj'cerin, the effect is to break it up into carbon dioxide and 
formic acid : — 

CjHA = CO, + CHA- 

The formic acid distills over, and ma; be condensed. 

KxperimeDt 16. Into a flask of 600 to 600« capacity pot 200 to 
300™ auhydrons glycerin, and then add 30 to 4W crystallized oxalic 
acid. CoDQCct the Qask with a condenser, and insert a thermometer 
through the cork so that the bnlb Is below the surface of the glycerin. 
Heat gentlj. When the temperatare reaches T5° to 90°, carbon dioxide 
will be given off. DUnte formic acid then distils over. When the 
evolution of carbon dioxide stops, add another portion of crystallized 
oxaiic acid, and heat again. This operation may be repeated a num- 
ber of times without renewing the giycerin; but, when atjout iOOi of 
oxalic acid have been decomposed, enough formic acid for the purpose 
will have been formed. Dilute the distillate to about half a litre, and, 
vrhile gently wanning it in an evaporating dish, add freshly precipi- 
tated and washed copper oxide in small quantities nntil no more is 
dissolved. Then Alter, and evaporate the solution to crystallization. 
The beanUf^lly crystallized salt thus obtained is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of special interest : — 

(1) By the action of carbon mouoxide upon potassinm hy- 
droxide t — 

CO + KOH = H.COjK. 

This method may be nsed for the preparation of formic acid on 
the large scale. Soda-lime a«ts as well as potassium hydroxide. 

(2) By the action of metallic potassium ujkiq moist carbon 
dioxide (carbonic acid) : — 

2 CDs + Kj + HjO = HCOjK + HCO3K, 
or 2 COjHj + K, = HCO^K + HCO5K + Hfi. 
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(3) By treatment of a eolution of uDmoninm carbonate with 
sodium amalgam : — 

CO,(NH,), + 2 H = HCO,(NH,) -f- H^O -f- N^„ 
and HCO,(NH4) + NaOH = HCO»Na + NH, + H^. 

AcconUng to these last two methods formic acid appears as a 
rednclioD product of carbonic add formed by the abstraction of 
one atom of oxygen : — 

H^O, = ^CO, + 0. 

It is extremely important to bear this fact in mind, as it is of 
great assistance in enabling ns to understand the relation exist- 
ing between the two acids, and between them and all other acids 
of carbon. It will be shown that all the acids of carbon may 
be regarded as derivatives of either formic acid or carbonic 
acid. 

(4) When hydrocyanic acid is left in Ihe presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : — 

HCN + 2 H^ = H^Oj + NH,. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this aUcaU is 
formed. A reaction similar to this is used ve>y extensively in the 
preparation of the acids of carbon, as will be shown. 

Anhydrous formic acid may be made by dehjdrating eilher 
tlie copper or lead salt, and passing drj' hydrc^en sulphide over 
the salt placed in a heated tube. The acid distils over, and 
may be obtained perfectly pure by placing a little of the anhy- 
drous salt in it and redistilling. 

It is a colorless liquid which boils at 99.9°. It has a pene- 
trating odor. Dropped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22. When 
cooled down it solidifies to a mass of crystals which melt at 8.6". 
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Concentrated Bolphuric acid decomposes it into carbon mOD- 
oxide and water : — 

HjCOa = CO + H^. 

It IB easily oxidized to carbonic acid. Hence it acta as a 
reducing agent. Heated with the oxides of mercuij or silver, 
tbe; are reduced to the metallic condition : — 

HgO + H^Oj = Hg + H,0 + CO,. 

Like other acids, formic acid yields a large number of salts with 
bases, and ethereal salts or compound ethers with the alcohols. 
These derivatives need not be considered here. The salts are 
all soluble In water, and some of them, as the lead, copper, and 
barium salts, crystallize very well. Some of the componnd 
ethers will be mentioned when these substances are considered 
as a class. 

Aoetio acid, CH,0, — The two methods by which acetic 
acid ia exclusively made are, -^ 

(1) By the oxidation of alcohol ; and 

(2) By the distillation of wood. 

When pure alcohol ia exposed to the air it undergoes no 
change. If, however, some platinum black be placed in it, 
oxidation takes place and acetic acid is formed. So also if 
fermented liquors which contain nitrogenous substances be 
exposed to the air, oxidation takes place, and the liquor becomes 
sour in consequence of the formation of acetic acid. A great 
deal of acetic acid is made by exposing poor wine to the action 
of the air. The product is known as tpine vinegar. The fot- 
matjon of vinegar has been shown to be due to the presence of 
a microscopic organism (^Mycoderma aceli) commonly known as 
" mother-of- vinegar." This serves in some way to convey the 
oxygen from the air to the alcohol. The " quick- vinegar 
process," much used h> the manufacture of vinegar, consists in 
allowing weak spirits of wine to pass slowly through barrels 
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filled with bcecb shavings which have become covered with 
Mycotlerma orMi. The presence of the organism ia secnred by 
first pouring strong vinegar into the bari-ela, and allowing it to 
stand for one or two days in contact with the shavings. 

When wood is distilled, a very complex mixture passes over, 
one of the constituents being acetic acid. By keeping the tem- 
perature down comparatively low, the amount of acetic acid 
obtained is increased. The distillate is neutralized with soda 
aeh, and the solntion of crude sodium acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid passes over. 

Besides the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific stand-point, both are of great interest. 
They are, — 

(1) By treating carbon dioxide with a compound known 
as sodium-m,ethi/l, which may be regarded as marsh gas, in 
which one hydrc^en is replaced by sodium as shown in the 
tormnla CHgNa. 

COi + CHjNa = CHj.COjNa. 

(2) By treating methyl cyanide, CHjCN, with an acid or an 
alkali: — 

CH.CK + 2 H,0 = CH,.COsH + NH,. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 56). 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by distillation. When cooled down to a 
sufficiently low temperature it solidifies, and the water may 
then partiy be poured ofi*. By repeating the freezing, and 
distilling a few times, pei-fectly pure, anhydittua acetic acid 
may be obtained. 

C,q,t,=cdbvC00g[C 



ACETIC ACID. 59 

Experiment 17> Make pure acetic acid from tbe commercial sab- 
Btance. First distil in fractions until a portion is obtained that bolls 
between 110° anil 119°. Put the vessel containing this in ice. The 
liquid wtU solidil^ almost completely. Pour otT the little liquid which 
remains, and distil. 

Acetic acid is a clear, colorless liquid, which boils at 119°. 
It has a very peactrating, pleasant, acid odor, and a sharp acid 
taste. The pure substance acts upon the skin like formic acid, 
causing pain and raising blisters. It solidifies when cooled down, 
and the crystals melt at 16.7°. The pure acid which is solid at 
temperatures below 16° is known as gladai acetic acid. Its speci- 
fic gravity is 1.08 at 0°. It mixes with water in all proportions. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar. Formic acid would answer perhaps as 
well. It is used in calico printing in the form of iron and alu- 
mininm salts. With iron it gives hydrogen, which is needed in 
the manufactarc of certain compounds used in making dyes, as, 
for example, aniline. It is an excellent solvent for many 
oi^nic substances, and is therefore frequently used in sd- 
entific researches. 

DenvaHves of acetic add. Acetic acid yields a very large 
numher of derivatives. They may be considered briefly under 
two heads ; (1) Those which are formed in consequence of the 
acid properties and which necessitate a loss of the acid proper- 
ties, as the salts, ethereal salts, etc. ; and (2) those in which 
the acid properties remain unchanged. 

Softs of acetic acid. The acetates of the alkalies were the 
first compounds of carbon ever prepared. The potas^um and 
sodium salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate, (CBH30j)2Pb. This salt, which is commonly 
known as sugar of lead, is made on the large scale by dissolv- 
ing lead oxide in acetic acid. It crystallizes well, and is solu- 
ble in 1.5 parts of water at ordinary temperatures. Commer- 
cial sugar of lead f I'cquently contains an excess of lead oxide in 
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the form of basic salts. A solution of sach a mixture becomes 
tarbid when allowed to stand in the air, or gives a precipitate 
when dissolved in ordinarj- spring water, in consequence of the 
formatioD of lead carbonate. 

Coj^)er acetate, (CjH30s)(Cu. This salt may be made by 
dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A basic acetate, 
formed by the action of acetic acid on copper in the air, is 
known as verdigris. 

Copper aceto-arsenite, 3 CoAsaOi + (CjH50j)5Cn. This doable 
salt is formed by boiling verdigris and arsenic trioxide t(%ether 
in water. It has a fine bright-green color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferroua 
salt, (CjHsO,)iFe + 4 HjO, and the ferric salt, (C^A)BFe,. 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a ferric salt. At first the solution becomes 
deep-red in color ; but, on boiling, all the iron is precipitated 
as a basic salt. Hence this salt is used for the purpose of sep- 
arating iron from manganese in analytical operations. 

Experiment 18. To a dilute solution or ferric chloride, contained 
In a small flask, add a little sulpburlc acid and a solution of sodium 
acetate. Boil the red solution, and the basic irou salt is precipitated, 
leaving tbo solution colorless. Filter, and examine the Bltrat« for iron. 

The ethereal salts will be mentioned briefly when this class 
of bodies is considered. The prineiiial one is ethyl acetate or 
acetic ether, which is formed from acetic acid and ordinary alco- 
hol. When a mixture of these two substances is treated with 
sulphuric acid, the ether is fonued and may be recognized by 
its pleasant odor. This fact is taken advantage of for Hie 
detection of acetic aeid. 

Elxperlment lO. To a mixture of ahout equal parts of acetic acid 
and alcohol. In a test-tube, add a little coucentral^d sulphuric acid, and 
notice the odor. It Is that of ethyl acetate or acetic ether. 
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Acetic anhydride or acetyl oxide, C3iOj. — This Bub- 
stance, which bears to acetic acid ttie relation of an anhydride, 
is made b; abstracting water from the acid. 

2 C,H(0, = C.HaOj + H/). 
Like other acids, acetic acid contains hydroxj-1, as will he 
shown below. We may hence represent the acid thus : 
CjHsO.OH. The part CaHjO is known as acetyl. Now when 
water is abstracted from the acid, the change takes place as rep- 
resented in this equation : — 

Hence, according to this, acetic anhydride appears as the oxide 
of acetyl, while the acid itself is the hydroxide. 

Acetic anhydride is a colorless liquid which boils at 138°. 
With water it gives acetic acid. 

Acetyl chloride, CjH,OCl. "j Jnst as alcohol, when 
Acetyl bromide, CjHjOBr. >^ treated with phosphorus tri- 
Acetyl iodide, CHgOI. ) chloride, yields a chloride of 
ethyl, so acetic acid, when ti'eated with the same reagent, yields 
acetyl chloride. The character of the reaction is the same in 
both cases. It consists in the replacement of hydroxy! by 
chlorine. 

3 CJIoO.OH + PClj = 3 CsH,OCl + P(OH)b. 

A eel}'] cblorlde. 

Experiment 20. Arrange a dry dlstlllitig flask, with condeDser aud 
•Iry receiver, nnder a hood or oat of doors. Bring together 9 parts 
(say 1808) Btrong acetic acid and 6 parts (say 120<) phosphoms tri- 
chloride. Slightly heat the mixture on the water-bath, when acetyl 
chloride will distil over. CoUect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 55°, 
Water acts upon it very readilj', acetic and hydrochloric acids 
beii^ formed ; — 

CHaOCl + HsO = C,H,O.OH + HCl. 
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In this case the chlorine is replaced by hydroxyl. Aa the sub- 
etance ia Tolatile, it fumes in contact ynth the air in consequence 
of the formation of hydrochloric acid. It must be kept in 
tightly -atop pered bottles. In handling it, care must be taken 
not to bring it near the nose, as its odor is very suffocating, and 
it attacks the mucous membranes of the eyes and noae, produc- 
ing coughing and other bad results. 

Acetyl chloride is a valuable res^ent much used in the exam- 
ination of compounds of carbon. Its value depends upon its 
action towards alcohols. When it is hrooght together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrogen 
of the alcoholic hydroxyl : — 

CHj.OH + CjHjOCl = CHa.O.CjHgO -|- HCl. 

The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a substance with acetyl chloride, 
ita composition ia changed, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the substance contains 
alcoholic hydroxyl. The bromide and iodide resemble the 
chloride very closely. 

Experiment 21. Treat a few cubic centimetres of abeolvle alcohol 
with acetyl chloride. Notice the evolution of hydrochloric acid and 
the odor of ethyl acetate. 

SubsHtution-products of acetic add. These bear tlie same 
relation to acetic acid that the substitution-produGtB of marsli 
gas bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution-products are acid. The 
best known of these products are the chlor-acetic acids which 
are made by treating the acid with chlorine. They are 
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mono -cMor- acetic, di-cJUor- acetic, and tri-chlor- acetic acids. 
Their formation is represented by the following equations : — 

CHsO.OH + CI, = CjHjClO.OH + HCl ; 
C,HjC10.0H + CI, = C,HC1,0.0H + HCl; 
C^CliO.OH + Cli = C^ljO.OH + HCl. 

When treated with nascent hydrogen they are converted 
back into acetic acid. They yield salts, ethereal salts, anhy- 
drides, etc., just the same as ac«tic acid itself. 

Theory in regard to tlte relations between the acids, alcohola, 
aldehydes, and hydrocarbons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regard to the relation of its constituents. In the first place 
the presence of hydroxyl is shown by the reaction with phos- 
phorus trichloride. We hence have C3H3O.OH as the formula 
representing this idea. But several questions still remain to be 
answered. There is another oxygen atom to be accounted for; 
and the relationa between the hydrosyl and this oxygen must 
be determined if possible. The fact that this second oxygen 
ia not i-eadily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
fail to show its presence in acetyl chloride. Hence we may 
conclude that the second oxygen atom is present as carbonyl 


CO . This leads us to the formula H — C — — H for the simplest 
acid, or formic acid. Accordingly, formic acid appears as 
carbonic acid, which we commonly represent by the formula 
O = C ^ ) in which one hydroxyl has been reduced to hydrogen. 

We have already seen that this reduction can be accomplished 
without difficulty. Many other ai^uments might be brought 
forward in favor of the view that the above formulas express 
the relations between formic and carbonic acids. Now, as 
acetic acid is the homol(^ue of formic acid, we have every 
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reason to believe that it differs from the latt«r in that it con- 
taiDS methyl in place of the hydrogen, which is in direct com- 
bination with carbon. It must hence be represented by the 

O 
formula CH,.C - OH or CO ;' *^^. The common constituent of 



the two acids, is the group C — O — H or — CO.OH, which is gener- 
ally known as carboxyl. Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 
acid, CO^ 1 in which one hydroxyl is replaced by the radical 

methyl. In a similar way we shall see that all organic acids 
may be regarded as derived either tVom formic acid or from 
carbonic acid. 

Representing now tiie simplest hydrocarbon, alcohol, alde- 
hyde, and acid, by the structural formulas deduced from the 
facts, we have 



fH [-0H 



.{I 



OH. 



lUtah gta. Methyl ilcDbol. 



Concerning the mechanism of the changes caused by oxida- 
tion, but little can be determined by experiment. We may 
I'egard methyl alcohol as the first and simplest product of 
o.\idntion of marsh gas. Starting with methyl alcohol, we 
might expect the next change to consist in the introduction 

I OH 
*^^. But it ap- 
H 
pears to be a law that, except under certain peculiar conditions, 
one carbon atom cannot hold two hydroxyla in combination, 
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and that, if such a bodj is fonoed, it loses tbe elements of 
< OH 

water ; thus, C j ^ = C J h+ H,0. The result would be the 

Ih ^h 

aldehyde. This kind of change is Ulustrated in the formation 
of carbon i^oxide from the salts of carbonic acid. Instead of 
getting the acid CO < , which we would naturally expect, we 
get this minus water : — 

Now, when the aldehyde is oxidized, another oxygen atom is 
introduced, and the substance thus produced is an acid, or the 
hydi'oxyl hydrogen can be replaced by metals, and has in general 
the characteristics of acid hydrf^en. As soon as we have car- 
bon in combination with oxygen as carbonyl, and also with 
hydroxy], tbe substance containing the combination is an acid. 
(O 

If, finally, the acid C } OH be oxidized, it is probable that (he 
(H 
same change takes place as when the alcohol is oxidized. That 
is to say, the hydrt^en is probably replaced by hydroxyl, when 
a compound containing two hydroxyls in combination with one 
carbon atom would be the result. This would be ordinary car- 
bonic acid. But this breaks up into water and carbon dioxide, 
which, as we know, are the products of oxidation of formic 
acid. 

All the many representatives of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the three fundamental substances, methyl 
alcohol, formic aldehyde, and formic acid. Keplace one of 
the hydr<wen atoms of methyl alcohol by a radical, and we get a 

I OH 
H ' 
R 
So also a similar replacement of a hydrogen atom in formic 
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cJh; 
Ik 



aldehyde gives another aldehyde, C ] H ; and, finally, as we have 
seen, the acids of carbon may be represented by the fonnnlas 
C \ OH, or R.CO,OH, or CO < ^ , which show their relations to 

Ik oh' 

formic and carbonic acids. Hereafter, in writing the formnlas 
of members of the three great classes, the strncture will be repre- 
sented by writing the hydroxyl group OH, the aldehyde group 
CHO, and the carbosyl group CO. OH or COja, separately 
from the rest of the formula. 

5. Ethereal Salts or Cohpodkd Ethers. 

Whenever an acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salts is 
formed. Thus nitric acid and ethyl alcohol give ethyl nitrate : — 

C^,.OH + HNOj = CjHcNO, + H/), 
just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CHa, 
and ethyl, CsHj, take the part of metals in' the ethereal salts. 
We may thus get a series of methyl and ethyl salt* with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulphuric acids, 
though even the latter is not completely neutralized by action 
ui>on alcohols, as has already been seen in the preparation of 

etliyl-sulphuric acid, ' ' > SO,, for the purpose of making ether. 
Plainly ethyl-sulphuric acid is an acid ethereal salt, analc^ous 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 
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The methods which may be osed for preparing ethereal salts 
are the following : — 

(1) Treatment of an acid with an alcohol. This is capable 
of only very limited application, as in the case of a few of the 
strongest acids. 

(2) Treatment of the chloride of an acid with alcohol. This 
has been illustrated by the action of acetyl chloride, C,HjO.Cl, 
upon methyl alcohol (see p. 62) : — 

CjH^Oa + HO.CH, = CjHgO.OCH, + HCl, 
or CHj.COa + HO.CHj = CHj.COOCHs + HCl. 

(3) Treatment of the silver salt of an acid with a halogen 
substitution -product of a hydrocarbon. For example, ethyl 
acetate may be made by treating silver acetate with brom- 
ethane : — 

CH,.COOAg + C^^r = CH^COOCjH, + AgBr. 

This reaction is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for doubt that 
the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate by this method was illustrated in Experi- 
ment 19, p. 60. The sulphuric acid facilitates the action by 
uniting with the alcohol to form ethyl-sulphuric acid, which with 
the acid gives the ethereal salt : — 

*^^''>S04 + CH3.COOH = CHj.COOC^, + HjSO.. 

The action of the hydrochloric acid is not understood. It is 
possible that it acta upon the acids forming the chloride, and 
that this then acts upon the alcohol, forming the ethereal 
salt : — 

CHj.COOH + HCl = CH3.COCI + H^; 
.CH^.COCl +C3.0H = CH,.COOC»H, -f-HCl. 
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Among the more important ethereal salts of methyl and ethyl 
alcohols, the following may be mentioned : — 

Methyl-aulphurio acid, ^>80„ formed by mixing 
methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble io water. 

Bth7l nitrate, CjHgNO^, formed by treating alcohol with 
nitric acid. Unless precantions are taken in mixing these 
reagents, complete decomposition of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Bthyl-aulphurio aoid, '^>™ > SO,. Made in the same way 
as the methyl compound. The acid and its salts are easily sol- 
uble in water. When boiled with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

^^' > SO, + HjO = H^O, + CH^OH. 

Ethyl sulphate, (C3()iSO„ Is made by passing the vapor 
of sulphur trioxide into well-cooled ether : — 

(C,H,)sO + SO, = (C,H,)jSO^. 

Phosphoric acid yields ethyl phosphate, (C2H,)jPO<, di-ethi/l-phos- 
plioric acid, (CjHjjjHPO,, and ethyt-phonphoric acid, CiHjH,P04. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. 

Of the ethereal salts which the two alcohols form with formic 
and acelJc Acida, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been considered. 
They are both liquids having pleasant odors. This is indeed a 
characteristic of many of the volatile ethereal salts of the acids 
of carbon, and many of the odors of fruits and flowers are due 
to the presence of one or another of these compounds. 3fany 
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of them also are used for fiavoring purposes instead of the 
natural substances. 

Experiment 22. Make a mixture of 16 parts (160*) of ordlnav? 
concentrated sulphuric acid and 6 parts (60e) absolute alcohol. Add 
to It 10 parts (lOOs) sodium acetate. Distil from a flask. RedlstU 
the distillate. The etliyl acetate lima formed bolls at TT°. Wbat 
reactions take place in this case? 

Decomposition of etkereal salts. Salts of most metale are 
decomposed when treated with an allialine hydroxide, as caustjc 
8oda or caustic potash, the result being a salt of the alkali and 
the hydroxide of the replaced metal, aa seen in the case of 
copper sulphate and sodium hydroxide : — 

CuSO, + 2NaOH = Cu(OH), + Na,SOi. 
So also the ethereal salts are decomposed when treated wiUi the 
alkalies, though, as a rule, not as readily as salts. It is usually 
necessary to boil the ethereal salt with the alkali when decom- 
position takes place, the radical, like the metal, appearing in 
the form of the hydroxide or alcohol, and the alkali metal taking 
its place. Thus, when ethyl sulphate is treated with a solntion 
of caustic potash, this reaction takes place ; — 

(Ci,H>)2S0( + 2K0H = KjSO* + SCjHj.OH; 
and when ethyl acetate is treated with caustic soda, we have tibia 
reaction : — 

CHj.COOCsH, + NaOH = CHj.COONa + Q,H,OH. 

Experlmeut 23. In a GOO™ flask put S00« water, 60* solid 
canstic potash, and 20°° ethyl acetate. Cocnect with an inverted con- 
denser, arranged as shown in Fig. 8. Boll gently for half an hour. 
Now connect the condenser with the flask for distilling, and agaluboll. 
Examine the distillate for alcohol. Acidify the contents of the flask 
with sulphuric acid, and again distil. What passes over? 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on the large scale 
in the preparation of soaps, it is commonly called saponification. 
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Ab will be shown, the fate are ethereal Baits, and soap-making 
consiats in decomposing theae fata by means of the alkalies. 
Hence, generally, to saponify an ethereal salt means to decom- 
pose it by means of ao alkali into the corresponding alcohol and 
the alkali salt of the acid contained in it. 



6. Ketones or Acetones. 

When an acetate is distilled, a liquid passes over wWch baa 

the composition CsHjO, and a carbonate remains behind. The 

reaction has been carefully studied, and bas been shown to take 

place in accordance with the following equation ; — 

The substance CsHgO is known as acetone. It is the best 
known representative of a class of bodies which are sometimes 
called acetones, but more commonly ketones. 

Acetone, CsHoO. — This substance has long been known as 
a product of the distillation of acetates, as above stated. It is 
contained in large quantities in the pi-oduct obtained in the 
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distiUatioQ of wood, and maj be separated from the mixture 
after the removal of the acetic acid. 

It may be purified by shaking a mixture containing it with a 
concentrated solution of mono-sodium sulphite. It unites with 
the salt, forming a compound analogous to that formed witli 
aldehyde. The double compound may be separated, and when 
distilled with the addition of potassium carbonate acetone passes 

Acetone is a colorless liquid having a penetrating pleasant 
ethereal odor. It boils at 56.3°. It is a good solvent for many 
carbon compounds, such as resins, fat«, etc. 

Od studying the conduct of acetone, it soon l)ecomes evident 
that it more closely resembles the aldehydes than any other 
bodies thus far considered. It Is plainly not an acid nor an 
alcohol. It acts entirely difl'erently from eitlier,' It is not an 
ethereal salt, for on boiling with an alkali it does not yield an 
alcohol nor the salt of an acid. On the other hand, it unites 
with the acid sulphites like the aldehydes. Further, when 
treated with phosphorus pentachloride its oxygen is replaced by 
two chlorine atoms thus : — 

C»H.O + PCI, = CaHeCla + POCl^ ; 

and when treated with nascent hydrc^en, it is converted into a 
substance having alcohoUc properties. These facts lead us to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do, and we thus have the formula, C}H«CO. The 
formation from calcium acetate leads further to the belief that 
the group CxHe really consists of two methyls, as the simplest 
interpretation of the reaction is represented thus : — 

Accordii^ to this, acetone is a compound of two methyl groups 
and carbonyl, or it is carbon monoxide whose two available 
affinities have been satisfied by two methyl groups. 
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We ma; test the correctness of this view by means of synthe- 
ses. ' If it is correct, it will be seen that acetone is closely 
related to acetyl chloride. It ia acetyl chloride in which the 
chlorine has been replaced by methyl : — 

CHj.CO.Cl CHg.CO.CH,. 

Acetyl chlarlde. Acetone, 

Now, when acetyl chloride is treated with zinc methyl, Zn(CHs)i, 
it yields acetooe according to this equation : — 

2 CH3.COCI + Zn(CH,)3 = 2 CH5.CO.CH, + ZnCla. 

Further, acetone may be made by treating carbon monoxide 
with sodium methyl, a direct addition of two methyl groups to 
carbon monoxide being thus effected. The relation between 
acetone and ordiuary acetic aldehyde is like that of an ethereal 
salt to its acid ; tbat ia, acetone is aldehyde, CH3.COH, in 
which the hydrogen has been replaced by methyl, CHj.CO.CHj. 

Like the aldehydes, the acetone has the power of taking up 
other substances, such aa the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, ete. This power is in some way con- 
nected with the relation of the oxygen to the carbon, which is 
the same in both compounds. Nevertheless, this condition of 
the oxygen does not always carry with it the same power aa 
seen in the case of the acids which also contain carbonyl. 

By reduction with nascent hydrogen, acetone yields an alco- 
hol of the formula CjHjO, known as secondary propyl (dcolutl, 
which when oxidized yields acetone. In other words, the rela- 
tion between tliis alcohol and acetone is much the same as that 
between ethyl alcohol and acetic aldehyde. But while the alde- 
hyde by further oxidation yields acetic acid by simply taking 
up one atom of oxygen, acetone is decomposed by oxidizing 
t^ents, and yields acetic and carbonic acids. Towards oxidiz- 
ing agents, then, acetones (for it will be shown that other 
acetones conduct themselves in the same way) act entirely 
differently from the aldehydes. The alcohol above mentlODed 
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fie related to acetone ia the eimplest represeatatlTe of a class of 
alcohols differing in some respects from the substances com- 
montv called alcohoU. 



We have thus considered the most important representatives 
of six classes of oxygen derivatives of the hjdrocarboos, and, 
b; a study of their chemical conduct and tlie methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may express 
these relations briefly thus : The alcohols are the hydroxyl 
derivatives of the hydrocarbons or the hydroxides of certain 
groups called radicals; the ethers are the oxides of these same 
radicals ; the aldehydes are compounds consisting of carbonjl, 
hydrogen, and a radical ; the acids are compounds of carbonyl, 
hydroxyl, and a radical, or, better, they are carbonic acid in 
which hydrogen and oxygen, or hydroxyl, have been replaced 
by a radical; the ethereal salts are compounds hkc ordinary 
metallic salts, only (hey eont^n a radical in the place of the 
metal ; and, finally, the ketones are aldehydes in which the 
distinctively aldehyde hydrc^en has been replaced by a radical, 
or they are compounds consisting of carbonyl and two radicals. 

These ideas are expressed in formulas thus, R being any 
nnivalent radical like methyl, CHj, or ethyl, CiH^: — 

Alcohol .... R-O-H. 

Ether .R-O-R. 

Aldehyde. . . . R-C-H. 

6 

Acid R-C-0— H. 

II 

O 
Ethereal salt . . Ac— O— E (in which Ac— O— H repre- 
sents any monobasic acid). 
. . . R_C-R. 
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CHAPTER V. 

SULI^UB DBETVATrVHB OF MHTHAKB AND 
ETHANE. 

1. Meecaftans. 
The eimplest derivatives of methane and ethane containing 
Bulphur are the so-called mercaptajts or sulphur aJcohols. They 
may be made by a method similar to one described under the 
head of Alcohols. When a mono-halogeD derivative of a hydro- 
carbon, as brom-methane, CH^r, is treated with the hydroxide 
of a metal, as silver hydroxide, AgOH, tat alcohol is formed : — 

CHjBr + AgOH = CHjOH + AgBr. 

So, also, when a similar halogen derivative is treated mfh a 
kydroaviphide instead of a hydroxide, a compound is obtained 
which we may regard as an alcohol in which the oxygen has 
been replaced by sulphur : — 

CHgBr + KSH = CHjSH + KBr. 
The compound is called a mercaptan. 

Btiiyl-meroaptan, C,H,.SH. — Thissnbstance may be pre- 
pared by treating iodo-ethane, C^HJ, witii an alcoholic solu- 
tion of potassium hydrosulphide, KSH ; also by distilling a 
mixture of the concentrated solutlone of i>otassium ethylsul- 
phate and potassium hydrosulphide : — 

CiH,^gQ^ -H KSH = KsSOj + C^H^H. 

It is a liquid of an extremely disagreeable odor; it boils at 37° , 
and is difficultly soluble in water. 



bvCoogIc 



ETHYL-MEECAPTAS. 75 

The name " mercaptao " was given to it on account of its 
action towards mercury. It readily forms a compound in which 
mercury takes the place of hydn^en, (C2HsS)2Hg. The name 
refers to its power of seizing mercury {mercuriua and captans). 
It forms many other well-characterized metallic derivatives Uke 
this mercury compound. 

When the sodium compound of mercaptan is exposed to the 
air, it takes up oxygen. So, also, when mercaptan iteelf is 
treated with nitric acid, it is oxidized, the product having the 
formula C|H,. SOjH, It will thus be seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
i^nts it conducts itself quite differently. In the case of alco- 
hol two atoms of hydrogen are replaced by one of oxygen. In 
tiie ease of mercaptan three atoms of oxygen are added directly 
to the molecule. It will be shown that this new acid, which is 
called ethyl-aulphonic add, bears to sulphuric acid a relation 
similar to that which acetic acid bears to carbonic acid ; and 
that it bears to sulphurous acid a relation similar to that which 
acetic acid bears to formic acid. 

When treated with phosphorus pentachloride it yields a cblo' 
ride, CjHg . SOjCl ; and, when this is treated with nascent hydro- 
gen (zinc and hydrochloric acid) , it is reduced to mercaptan : — 

CjHj.SOA + 6H = C^j.SH + HCl -|- 2H,0. 



2. Sui-PHVR Ethers. 

There are compounds known similar to the ethers, containing 
snlphnr in the place of the oxygen of the ethers. Such are 
methyl-sulphide, (CHa)sS, and ethyl-sulphide, (CsHa),S. These 
are made by treating brom- or iodo-methane or ethane with 
potassium sulphide : — 

2CJia -I- K^ = {CMi)S + 2 KI. 

They are liquids of very disagreeable odors. 
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3. Sdlphonic Acids. 
It was Btated above, that when mercaptan ie oxidized it is 
converted into an acid of the formulii CjHj. SO3H, or ethyl-sul- 
pkoiiic acid. This ia the representative of a lai^e class of sub- 
stances which are commotily made by treating carbon compoands 
witii sulpliuric acid. These sulphonic acids can best be studied 
io connection with another series of hj'drocarbons. Under the 
head of Benzene (which sec) it will be shown that, when thb 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus ; — 



0^ + „X>SO> = „'^>SO. + H^. 



HO ■ 

B«Dune-iu]ph(m]o M 



The sulphonic acid thus obtained may also be made by oxi- 
dizing the corresponding mercaptan or hjdrosulphide, C»Hg . SH. 
Accordingly, the sulphonic acid appears to be sulphuric acid in 
which a hydroxyl has been replaced by the radical CgH,. Rea- 
soning by analogy, whit;h, fortunately, is supported by other 
ai^umente, we may conclude that ethyl-sulphonie acid formed 
from ethyl- mercaptan bears a similar relation to sulphuric acid, 
and corresponds to the formula ' '>S0,. So, also, methyl- 
sulphonic acid obtained by oxidation of methyl-mercaptan 
should tje represented by the formula ^>SOj or CHj.SO,CiI. 
Its relation to sulphuric acid is the same as that of acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids may be prepared 
consists ill treating a snlphite with a halogen substitution-product. 
Tlius ethyl-sulphonic acid may be prepared from potassium sul- 
phite and iodo-ethane : — 

or C»H^ + KO ^ ^^' " ^k6 ^ ^^' "'" ^^' 
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According to this reacdoQ tbe eatphonic acids would appear to 
be identical with tiie ethereal salts of sulphurous acid, but thej 
do not conduct themselree like ethereal salts. The difference 
is particularly noticeable in connection with the etabUity, the 
sulphooic acids as a class being much more stable than the 
ethereal salts as a class. At present it would be somewhat 
premature to discuss fully the question as to their relations. 
Whatever we may call them, they are closely related to sulphu- 
rous acid, and are derived from it by replacement of hydro- 
gen by a radical, just as acetic acid may be regarded as derived 
from formic acid by replacement of hydrogen by a radical. 
These relations may be represented by the following form- 
ulas: — 

Carbonic acid, CO < ^^. Sulphuric acid, SO, < ^JJ. 

Formic acid, CO < JJ . Sulphurous acid, SO, < ?■ . ' 

Aeetio acid, CO < ^. Methyl-sulphonic acid, SO, < ^». 

Any carbonic J^^^R ^ ^j ^onic axiid, S0,<« . 

acid, ) OH OH 

The difference between a sulphonic acid and an ethereal salt of 
sutphoric acid should be specially noticed. Compare for this 
purpose ethyl-sulphuric acid, ' ' > SOj, and ethyl-sulphonic 
acid, ' ' > SOj. Both are monobasic acids, and both contain 
ethyl, but there is a difference of one atom of oxygen in their 
composition. The reactions of the substances are such as to 
lead to the eonclusion that iu ethyl-sulphonic acid the ethyl 
group is directly connected with the sulphur ; whereas, that in 
ethyl-sulphuric acid the connection is established by means of 
oxygen. The strongest argument in favor of this view is 
perhaps that which is founded on the formation of the sulphonic 
acids by oxidation of the hydrosulphides or mercaptans. 
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can hardly be doubted tbat in eOiyl mercaptan the anlpbnT is in 
direct combination with the ethyl ; or, to go still farther, that 
it is in combination with carbon aB represented in the formula 

H 
H,C — C — S— H. Now, by oxidation of mercaptan, three atoms 

H 
of oxygen are added, and the simplest view we can take of the 
reaction is that the sulphur is left undisturbed in its relations to 
ethyl, but that it has taken np the oxygen, as represented in the 
formula CjHj— SO2.OH. Ae has been shown, the oxygen can 
be removed again by nascent hydrogen, and the result is mer- 
captan. The study of the sulphonic acids in their relations to 
. sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydr<^en atom in place of hydroxyl, as represented 

in the formulas 80, < and SO, < ^ ; and, further, that in 

BQlphurouB acid one hydrogen is in combination with sulphur 
and the other with oxygen. 
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CHAPTER VI. 

NITROGEN DERIVATIVES OP METHANE AND 
ETHANE. 

The simplest compounds of carbon containing nitrt^en are 
cyanogen and bj'drocyanic acid. Strictly speaking, neither can 
be regarded as a derivative of a hydrocarbon, unless indeed we 
consider hydrocyanic acid as marsh gas, in which three hydro- 

(S 

gen atoms have been replaced by one nitrogen = "^ j t. iind 

I- H 
C I „■ That, however, is a mere matter of words, as there ia 

nothing in the conduct of either suttstance, or in the methods of 
formation of hydrocyanic acid, that would lead us to suspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are therefoi-e not to be considered aa derivatives of the 
hydrocarbons, they form the starting-point for the preparation 
of so many important compounds that they and their simpler 
derivatives must receive some consideration at this stage. 

Cyanopes, (CN)]. — All organic compounds which contain 
nitrc^en give sodium cyanide when ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carboikate. Cyanogen itself 
is most readily made by heating mercuric cyanide, Hg(CN)i. 
The decomposition which takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing osygen: — 

Hg(CN),= Hg + (CN),; 
^;0 = Hg -I- O. 
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But, in heatiiig mercuric cyanide, a black solid substance, jxxro- 
cyanogen, is formed, and remains behind in the retort. It has 
the same composition as cyanogen, and is therefore a polymeric 
modification. 

Cyanogen (from Kv'avos, blue) owes its name to the fact that 
several of its compounds have a blue color. It is a colorless 
gas, which is easily soluble in water and alcohol, and is ex- 
tremely poisonous. It burns with a purple-colored flame. 

In aqueous solution, cyanogen soon undergoes change, and a 
brown amorphous body is deposited. In the solution are found 
hydrocyanic acid, oxalic acid, ammonia, and carbon dioxide. 
A little dilute acid prevents this decomposition. 

Hydrocyanic acid, HON. — This acid, which is com- 
monly known by the name of pnissic acid, occurs in nature 
in amygdalin, in combination with other substances, in bitt«r 
almonds, the leaves of the cherry, laurel, etc. It is prepared 
by decomposing metallic cyanides with hydrochloric acid, as 
represented in the equation : — 

KCN + HCl = KCl + HCN. 
It may also be made by treating chloroform with ammonia : — 

CHCI3 + NH3 = HCN + 3 HCl, 
or CHCl, + 5 NHs = NH, .ON + 3 NH^a. 

It is a volatile liquid, boiling at 26.5°, which solidifies at — 15°. 
It has a very characteristic odor, su^esting bitter almonds. i2 
is ea^remely poisonous. It dissolves in water in all proportions, 
and it is such a solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown sub- 
stance is deposited. By boiling with alkalies or acids, it is 
converted into formic acid and ammonia (see p. 56). 

Hydrocyanic acid may be detected by the fact that when its 
solution is saturated with caustic potash, and a solution contain- 
ing a ferrous and a ferric salt added, a precipitate of Pruesiab 
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blue is formed ; or, by adding yellow ammoainm sulphide to its 
solution, evaporating oS the excess of ammonium sulphide, and 
then adding a drop of solution of ferric chloride. If hydrocy- 
anic acid was present, the solution turns a deep blood red. 

CyanideB. — Hydrocyanic, like hydrochloric acid, forme a 
series of salts. They are called the cyanides. The cyanides of 
the alkali metals and of mercury are soluble in water. The 
cyanides of the heavy metals have a marked tendency to form 
double cyanides, and those doable cyanides which contain an 
alkali metal are soluble in wat«r. Hence, the precipitates 
formed by potassium cyanide, in solutions containing the heavy 
metals, are dissolved by excess of the cyanide. 

Among tbe best known double cyanides are the two salts, 
potassium ferrocyanide and potassium fen-icyantde. The former 
is commonly known as yellow prussiate of potash, and the latter 
as red prussiate of potash. 

PotaBsium ferrocyanide, 4 KCN.FeCON), + 3 HjO.— 
This salt is made on the large scale by melting together, in iron 
vessels, refuse animal substances (i.e., oi^anie matter contain- 
ing nitn^en) with potassium carbonate and iron. The mass is 
treated with water, and the salt which is thus extracted puri- 
fied by crystallization. 

It crystallizes in large yellow crystals, and is soluble in about 
four parts of water at 15°. 

When ignited, it breaks up according to this equation ; — 

■t KCN.Fe{CN)5 = 4 KCN + FeCj + N,. 

This decomposition is made use of for the purpose of preparing 
potassium cyanide. As, however, a portion of the cyanogen is 
lost in this way, potassium carbonate is generally added, when 
the reaction represented by the following equation takes 
place : — 
4 KCN. Fe(CN), -|- Ki^O. = 5 KCN + KCNO + CO, + Fe. 
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The potassium cyanide made in this way always neceesarily con- 
tains potassium cyanate, KCNO. 

Elxperiment 24.' Make a mixture of 8 parts (160^) dehydrated 
potassium ferrocyanlde and 3 parts (60*) dry potassium caHMoate. 
Fuse in an Iron crucible, at a low red heat, until a specimen taken 
ont and placed on a stone Is white when solid. Then pour out on a 
flat, smooth stone, and afterwards break up and pnt In a dry bottle. 

When treated with dilute sulphuric acid, the ferrocyanide 
yields hydrocyanic acid thus : — 

2 [4 KCN.Fe(CN)J + 3 H^O« 

= 6HCN + 2[KCN.Fe(CN)j] + 3 K^O,. 

ThiB reaction is the one actually made use of for the prepara- 
tion of hydrocyanic acid. 

Potassium ferrocyanide is the starting-point for the prepara- 
tion of all compounds containing cyanogen. 

Potassium feiTicyanide, 3KCN.Fe(CH)3- — This salt, 
known as red prussiate of potash, is prepared by oxidizing the 
ferrocyanide.- The oxidation is effected most readily by means 
of chlorine. 

Experiment 26. Pass chlorine into a solution of potasslnm ferro- 
cyanide until the solution ceases to give a precipitate witb ferric chlo- 
ride. Then evaporate to crystallization. 

Other oxidizing agents, such as bromiue, potassium perman- 
ganate, lead peroxide, etc., effect the same transformation. 
The essential part of the change is that of the ferrous cyanide, 
Fe(CN)2, in the ferrocyanide, to ferric cyanide, Fe(CN)s, which 
is in the ferricyanide. Potassium femcyanide is easily soluble 
in water, and crystallizes from its concentrated solutions in 
large, dark-red crystals belonging to the rhombic system. 

In alkaline solutions it is an excellent oxidizing agent. 
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Redacing Events, such as hydrogen sulphide, sodium thio- 
sulphate (hyposulphite), etc., coovert it into the yellow salt, 

Prussian blue, TumbuWs blue, soluble Prussian blue, and 
Berlin green are complex cyanides of iron represented by the 
formulas 

4Fe(CN)s.3re(CN)„ 

3Fe(CN),.2re(CN)„ 

KCN.Fe(CN),.Fe(CN)„ 
and Fe»(CN)8 + i HjO, reBpectavely. 

For a full account of the many componnds of the metals and 
cyanogen, the student is referred to larger works. 

Cyanogen chlorides. — When chlorine is allowed to act 
upon cyanides or dilute hydrocyanic acid, a volatile liquid is 
formed which has the composition represented by the formula 
CNCl. It boils at 15.5°, and its vapor acts upon tlie eyes, 
causing tears. It is known as liquid cyanogen chloride to dis- 
tinguish it from solid cyanogen chloride. The latter has the 
formula (CN)3Cl3, and is formed by treating anhydrous hydro- 
cyanic acid with chlorine in direct sunlight. The liquid variety 
is partially transformed into the solid when kept in sealed 
tubes. 

Similar compounds of cyan<^en with bromine and iodine are 
known. 

Oyanic acid, CONH. — When a cyanide of an alkali is 
treated with an oxidizing ^ent, it takes up oxygen and is con- 
verted into a cyanate : — 

CNK -H O = CONK. 

Experbneut 26.' Heat a mixture of 8 parts (ISCM) dehydrated 
potasslnra ferrocyanide, and 8 part8(60«) dry potassium carbonate In an 
iron crucible. When tbe transformation into the cyanide ts complete 
(see Ex. 24, p. 82), tnhe the crucible ont of the furnace ; and, after it 
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has cooled dowo somevbat, but nblle tbe mass is still liquid, add 
gndnally 15 parts (300') red lead, stirring dnriog the operation. Put 
tbe crucible agaiu iD the furnace for a little while ; allow tbe reduced 
lead to settle, and theu pour out the contents ou a, smooth stone. After 
the mass is cold, break up and extract the cyanate with alcohol (of 66 
per cent). 

Cyanic acid cannot be separated from ibs ealte, as it breaks 
up with water into ammooia and carbon dioxide : — 

CONH + H^ = NHa + CO,. 

Tlie potaBsium salt is easily soluble in water, but is easily 
decomposed by it, yielding ammonia and potassium carbon- 

■ ~ CONK + 2 HjO = KHCOj + NHj. 

The most interesting salt of cyanic acid is ammonium cj/anaie, 
CON.NH4. It may be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
but, if allowed to stand in solution, or if its solution be heated, 
(I is completely transformed into urea, which is isomeric with it. 
The interest conuected with this transfonnatioti was referred to 
in the introductory chapter (p. 1). It will be considered more 
fully under the head of urea. 

Cyanuric aoid, C1N1H3O1. — This acid bears a relation to 
cyanic acid similar to that which soUd cyanogen chloride, 
(CN)aCl3, bears to the liquid variety. It is made by treating 
the solid chloride with water, and also by heating urea. It is 
a crystallized substance. 

Solpho-cyanio aoid, ONSH.— Just as the cyanides of the 
alkalies take up oxygen and are converted into cyanates, so also 
they take up sulphur and are converted into sulpho-cyanat«s : — 

CNK + S = CNSK. 

•nlpbo-cfHUila. 
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Elzperlment 27. Melt together In an irou crucible IT parts (SCW) 
dry potassium carbonate and 32 parts ( 160* ) sulphur, and then add 4G 
parts {230B) powdered dehydrated potasslnm feirocyaoide. Keep the 
mass at a low red heat until the ferrocyanide Is destroyed. After 
cooling, extract with wal^r, uentraliie the filtered solntion with sul- 
phuric acid, evaporate, and separate from potassium sulphate by means 
of alcohol. 

Potassium, suJpho-c^anate crystallizes in long striated prisms 
without water of crystallization. It ia deliquescent. When 
dissolved in water the temperature sinks markedly. When 100 
parts of wat«r of 10.8° are mixed with 150 pai-ts of the salt, the 
temperature sinks to — 23.7°. By evaporation of the solution, 
the salt can be recovered. 

Experiment 28. Dissolve some potassium sulptio-cyanate in water, 
and note the temperature before and after introducing the salt. 

Ammonium sulpho-cyanate, CNS.NH,. This salt ia most 
easily prepared by treating carbon bisulphide with a solution of 
ammonia in dilnte alcohol : — 

CS, + 4NHa = CNS.NH, + (NH,)jS. 

Expertment 2B. Mix 240™ strong aqueous ammonia, 2iO™ alcohol, 
and eo« carbon bisulphide. Allow the mixture to staud for one or 
more days. Then distil down to one-third of the original volume, and 
fi1t«r Willie still hot the solution left in the flaslc. On cooling, ammo- 
nlnm sulphoKiyauate will crystallizf out. 

The salt crystallizes in plates. It melts at 147° (try it), 
and at 170° it is transformed into the isomeric anhstance known 
" as sulpho-urea. (Analogy to transformation of ammouium 
cy anate . ) 

Having thus considered some of the more important simpler 
cyanogen compounds, we may now retui-n to the nitrogen deriv- 
atives of the hydrocarbons. For convenience, these may be 
divided info three classes : — 

(1) Those which are related to cyanogen; 

(2) Those which are related to ammonia; 

(3) Those which are related to niti-ic acid. 
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Methyl cyanide, OHj-CN.— This compound is formed by 
distilling a mixture of potaseiom methyl-eulpliate and potas- 
sium cyanide*; — 



CH., 



- KCN = K^O^ + CH^N. 



It is a liquid boiling at 82°. 

According to the method of preparation, it must be regarded 
as an ethereal salt of hydrocyanic acid, containing methyl in the 
place of the potassium of the potassium salt. 

Ethyl cyanide, CiHs.CN. — Formed lilie the methyl com- 
pouud. Also by heating chlor-ethane with potassium cya- 
nide! — 

CiH,Cl + KCN = C^j.CN + KCl. 

It is a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) tha^ which is effected by caustic alkalies, and (2) that 
effected by nascent hydrc^en. 

When methyl cyanide is treated with caustic potash, it yields 
acetic acid and ammonia : — 

CHa.CN + H,0 + KOH = CHj.COjK + NHj. 

This reaction is strictly analogous to that which takes place 
with hydrocyanic acid yielding formic acid (see p. 56), In 
the same way ethyl cyanide yields an acid of the formula 
CaHgOj (or CjHj.COjH). Thus, by making a cyanide, we have 
it in our |>ower to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an alcohol 
to an acid containing one atom of carbon more than the alsohol 
contains. It has been of great service in the study of the com- 
pounds of carbon. 
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Nom FOR Stdbbnt. — Show how, by startlog with methyl-alcohol, 
acetic acid may be made by passing through the cyauiJe. 

There are two ways in which we may consider the cyan(^en 
group linked to methyl in methyl cyanide ; viz., either by the 
carbon atom, aa represented in the foi-mula HaC— C^N, or 
by the nitrc^en atom, as represented thus, HjC— N— C. The 
ease with which the nitrogen is separated from the compound, 
leaving the two carbon atoms together, as shown in the reaction 
with caustic potash, naturally leads to the conclusion that the 
former view is the correct one. If it ia correct, it would appear 
to follow that in potassium cyanide the potassium is in combi- 
nation with carbon as represented in the formula K— C— N, 
and further that in hydrocyanic acid the hydrogen is in combi- 
nation with carbon, ae shown thus, H— C— H. 

In consequence of the close relation existing between the 
cyanides and the acids, the former are frequently spoken of a^ 
fhfi nitriles of the acids. Thus methyl cyanide, which is con- 
verted into acetic acid by boiling with caustic potash, is called 
the nitrile of acetic acid, or aceto-nitrile. In the same way 
hydrocyanic acid itself may be regarded as (he nitrile of formic 
acid, or formo-nitrile. 

When methyl cyanide is treated with nascent hydrogen, it is 
converted into a substance which closely resembles ammonia, 
and is known as ethyl-amine. It will be shown to bear to 

ammonia the relation indicated by the formula N J H ; i.e., it 

(H 
is ammonia in which one hydrogen has been replaced by ethyl. 
The reaction may be represented by the equation : — 

HsC-C-N-f-4H = HsC-HjC-NHj " 



rNJH 



This transformation strengthens the eonchision already reached, 
that the two carbon atoms in methyl cyanide are directly united. 
If this were not the case, it is difficult to see how a compound 
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containing ethyl in which the two carbon atoms are nnqiiestion- 
ablj united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amiue when treated with 
nascent hydrogen, eo hydrocyanic acid yields methyl-amine 

(CH. 
N?H ; — 

(H / cchA 

H-C-N + 4H = HjC-NH, or N j H ■ 

The amines, or substituted ammonias, will be considered more 
fully hereafter. 

ISOCTAMIDBS OB CaRBAHIMES. 

If, in making an ethereal salt of hydrocyanic acid from a salt, 
the silver salt be used, a compound is obtained having the same 
composition as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an isocyanide or car- 
famine. 

Ethyl isooyanide or ethyl oarbamine, 0,Hs.NC.— This 
compound is obtained when silver cyanide and iodo-ethane are 
heated together : — 

CjHjI + AgNC = CjHsNC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
are brought together : — 

CHCla + N ] H = CaH.NC + 3 HCl. 

It is a liquid boiling at 79°. It is characterized by an vnbear- 
able, indescribable odor. The methyl compound obtained by 
the same method boils at 58° to 59°, but otherwise has proper- 
ties almost Identical with those of ethyl isocyanide. 
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The reactions of these enbstances are quite different from 
those of the cyanides. They are decomposed only with great 
difficulty by the caustic alkalies ; but, when brought together 
with hydrochloric acid, they undergo an interesting change, 
which may be represented by the following equation for the 
methyl compound : — 

CH,.NC + 2HiO = CHa-NHs + H.COjH. 

Uelhyl-BmlDe. Foimic acid. 

This reaction indicates that in the iaocyanides the cyanogen 
group is united to the radical by means of nitr<^en, aa repre- 
sented by the formula HjC — N — C. Hence it is, in aU proba- 
bility, that when they undei^o decomposition the nitrogen 
remains in combination with the radical, while the carbon of 
the cyanogen group passes out of the compound. The conduct 
of ethyl isocyanide is represented by the equation : — 

C^g.NC + 2Hi,0 = CiH.-NHs + H.COjH. 

The reactions of the cyanides and of the isocyanides, and 
the conclusions drawn from them, admirably illustrate the 
methods used in determining the structure of compounds of 
carbon ; and they are specially valuable, as the connection 
between the facts and the conclusions, as expressed in the 
formulas, can be traced so clearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
cyanides, while the potassium and other salts yield cyanides with 
the hali^en derivatives of the hj'drocarbous, leads us to suspect 
that in silver cyanide the metal may be in combination with 
nitrogen and not with carl>on. There are other facts known 
which indicate a tendency on the part of silver to unite with 
nitrc^en in carbon compounds. It would lead too far to discuss 
this subject here. 

It seems possible that isomeric salts of cyanogen may be dis- 
covered corresponding to the cyanides of the radicals and to the 
isocyaoides. There is no fact known which makes the exist 
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they are known moat frequectly by this name. The mustard- 
oils are made by means of a series of somewhat complicated 
reactions, which it is rather difficult to interpret without a com- 
parison with some similar reactions which take place betweeu 
simpler substances. 

When dry ammonia and dry carbon dioxide act npon each 
other, so-called anhydrous ammonium carbonate is formed. This 
is really the ammonium salt of carbamic acid, CO < -„'• Its 
formation is represented thus : — 

COj -I- 2 NHj = C0<^^ . 

Now, remembering that carbon bisulphide is similar to carbon 
dioxide, and that ethyl-amine is similar to ammonia, we can 
readily understand the reaction whiuh takes place when these 
two substances are brought t<:^etlier : — 

CS, + 2 NHAHs = CS < NHCiH, 

The product formed is the ethyl- ammonium salt of the acid 
CS< ' ', which maybe called ethyl-sulpho-carbamic acid. 

When the ethyl- ammonium salt is treated with silver nitrat«, the 

, NHCjI 

'sAg 

finally, when this salt is distilled, it breaks up, yielding ethyl 
mvstard-oil, silver sulphide, and hydrogen sulphide ; — 

2 CS < NHC,U= ^ 2 SC-NC^Hj -|- H^ + Ag^. 

SAg 

Ethyl mustard-oil is an oily liquid which does not mix with 
water. It has a very penetrating odor, and acts upon the 
mucous membranes of tlie eyes and nose in the same way as 
ordinary oil of mustard. The properties of the two are so much 
alike that one could be substituted for the other. 
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Some of the arguments have been stated which lead to the 
view that in the sulpho-cyanates the radical is in combination 
with sulphur. Having once accepted this view, we would 
naturally snspect that in the mustard-oils the radical is in com- 
binatioa with nitrogen, and the question arises whether tlie 
reactions of these txxiies are of such a character as to justify 
this suspicion? They certainly are. In the first place, when 
heated with water or with hydrochloric acid, ethyl mustard-oil is 
decomposed, yielding ethyl-amine, carbon dioxide, and hydrogen 
sulphide ; — 

8C-NC^, + 2 HjO = CaHj.NH, + H^S + CO.. 

And, in the second place, nascent hydrogen converts it into 
ethyl-amine and formic tbioaldehyde (i.e., formic aldehyde in 
which the oxygen has been replaced by sulphur) : — 
SC-NCjH, + 4H = CjHj.NHj + H,CS. 
Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of the radicals like ethyl sulphide, (C2Ht)2S; 
the tendency of the ieo-sulpho-cyanates is to yield substituted 
ammonias, like ethyl-amine NH^.C^Hj,. These facts point to 
the relations expressed in the formulas, R— S— CN for the 
snipho-cyanates, and R— N— CS for the iso-sulpho-cyanates or 
mustard-oils. 

In reviewing now tiie compounds of the hydrocarbons which 
are related to cyanogen, we sec that there are two isomeric 
series of these, the names and general formulas of which ore 
given below: — 
Cyanides, R—C—N . . . Isocyanides or( „_j,_j-. 

Carbarn ines, i 
CyanateSjR— 0-CN . . . Isocyanat^s, R-N-CO. 

Snipho-cyanates, R—S—CN . Iso-sulpho-cyan- ~\ 

atcs or Mus- [ R-N-CS. 

tard oils, J 
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Note for Student. — Stody these compounds until the exact con- 
nection between the (ormulaa and the facta above stated la clearly 

Stibstitoted Ammonias. 
When brom-ethane or any similar Bubstitution -product is 
treated with ammoDia, the reactions represented by the follow- 
ing equations take place step by step : — 

CiHjBr -I- NHj = NHi,(CjH.).HBr ; 

CaHjBr + NH,(Ci,Hs) = NH(CjH,)a.HBr; 
C3sBr + NH(C2Hj), = N{C,H,),.HBr; 
C^^r -I- N(CiHs), = N(CsHj)4Br. 

The first three products are salts of hydrobromic acid, and 
substances which in all their properties very closely resemble 
ajnmonia. When these salta are distilled with potassium 
hydroxide they are decomposed, just as ammonium broEoide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds e(Ayi-am('ne, NHj.CjHj, di-ethyl- 
amiiie, NHCCjH,);, and tn-etkyl-amine, N(CsHs)a. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of Uie hydrogen atoms 
respectively by ethyl. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NHjBr, in which all four hydrogen atoms are replaced by ethyl 
groups. 

The decomposition by potassium hydroxide of the first two 
salts is represented thus : — 

NH,(C^,).HBr -|- KOH = NH3(CsH,) -)- KBr -f- H/) ; 

NH(CjH5)j.HBr + KOH = NH(CiH,), + KBr -f- HjO. 

Uethyl-amine, NHj.CHg. — This compound may be pre- 
pared by treating iodo-methane with ammonia: — 
CH3I -f- NHj = NHjCHj.HI. 
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It was first made by treating methyl iaocjanate, CH,— N— CO, 
with caustic potash : — 

CHj-N-CO + H5O = NHj.CHs + COj. 

It haa been stated that it is formed by treating hydrocyanic 
acid with nascent hydi'C^en : — 

HCN + 4H = NH2.CH3. 

It occurs in nature in bcning brine, and is one of the products 
of the distillation of animal matter as well as of wood. It is 
now prepared on the large scale from certain waste products 
obtained in the refining of beet sugar (see Tri- methyl -a mine) , 

Methyl-amine is a gas which is easily condensed to a liquid. 
It smells like aij^mooia. It is, like ammonia, extremely easily 
soluble in water, 1 volume of water at 12.5° taking np 1150 
volumes of the gas. This solution acta almost exactly like a 
solution of ammonia in water. It is strongly alkaline. It pre- 
cipitates the metallic hydroxides, but, unlike ammonia, it does 
not redissolve precipitated hydi-oxides of nickel, cobalt, and 
cadmium when added in excess. Like ammonia, it dissolves 
aluminium hydroxide. 

Methyl-amine forms salts with acids in the same way that 
ammonia does ; that is, by direct addition. The action towards 
nitric and salphuric acids takes place in accordance with the 
following equations ; — 

NHjCH, + HNO3 = NH3CH3.NO,; 
2NHsCH„ + HjSO, = (NH3CHg)jS04. 

These salts are called methyl -ammonium nitrate and metbyl- 
ammoniiun sulphate respectively. 

Di-methyl-amine, NHCCHs),. — This is formed by heating 
iodo-methane with alcoholic ammonia : — 



: NH(CH3)s.HI + NH^I. 
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It ie fonned, U^ether with methyl-aminc, as a prodaet of the 
distillation of wood. 

It is a gas which (Kindcoses to a liquid at + S". Its proper- 
ties are much like flioae of methyl-amine, 

Tri-methrl-amine, NfCHOj Tri-methjl-amine ia formed 

as one of the products of the treatment of iodo-methane with 
ammonia. It occurs widelv distributed in nature, as in the 
blossoms of the hawthoni, the wild cherry, and the pear. It 
is contained in herdng brine, and is a common product of the 
decomposition of organic substances which contain nitrc^en. It 
is now obtained in large quantities from the so-called " vin- 
asses." These ai-e the waste liquids obtained in the refining of 
beet sugar. When the " vinasses" are evaporated to dryness, 
tri-methji-amine is given off among the volatile products. It is 
collected as the hydrochloric acid salt, N(CH3)3.HC1, which, 
when heated to 260°, yields ammonia, tri-methyl-amiiie, and 
chlor-methane : — 

3N(CHs)s.HCl = 2N(CH3)s + NH, + 3CH,Cl. 

The chlor-methane is uljlized for the purpose of producing low 
temperatures. 

Tri -methyl-amine is a liquid boiling at 9° to 10°. It has a 
strong ammoniacal and flshy odor. It ia very soluble in water 
and alcohol, and is a strong base. It is nsed in the prepara- 
tion of potassium carbonate, by the Solvay process. In making 
sodium carbonate from the chloride by this method, acid ammo- 
nium carbonate is brought t<^etber with the chloride. Thus 
mono-sodium carbonate is precipitated, and ammonium chloride 
is left in solution. But mono-potass iam carbonate and ammo- 
nium chloride are about equally soluble, so that potassium car- 
bonate cannot be prepared in the same way. On the other 
hand, if tri-methyl-amine be substituted for ammonia, the sepa- 
ration can be effected, inasmuch as tri -methyl-ammonium chlo- 
ride is more soluble than ammonium chloride. 

.■:■,■, Googk 
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Note fob Student. — Write the eqnayons representing the reac- 
tions Involved in makiugpotasBlum carbonate trom potassium chloride 
bj means of tri-methyl-unlne. 

The ethyl-aminea are veiy much like the methyl componnds, 
aad hence need not be specially described. 

When tri-eihyl-amine is brought t<^ther with iodo-ethane, 
the two nnite, forming the compound tetra-ethyl-ammouium 
iodide, ^(CaHs)^!, which is ammonium iodide, in which all four 
hydrogen atoms have been replaced by ethyl groups. If silver 
oxide be added to the aqueous solution of the iodide, silver 
iodide is precipitated, and by evaporation of the liquid crystals 
of tetra-etkyl-ammonium hydroxide, N(CiHa)40H, are obtained. 
This is plainly the hypothetical ammonium hydroxide, in which 
the four ammoDium hydrogens have been replaced by ethyl. 
Its solution acts almost like caustic potash. It is very caustic, 
attracts carbon dioxide from the air, saponifies (see p. 70) 
ethereal salts, and gives the same precipitates as caustic potash. 
, The reactions of the substituted ammonias above described 
make it certain that these bodies are very closely related to 
ammonia. The methods of formation also point clearly to the 
same conclusion. This relation is best expressed by the form- 
Dlas above given. 

Another method for the formation of substituted ammonias 
Id which but one radical is present, as ethyl-amine, NH^.CjHt, 
or in general NH^.B, consists in treating with nascent hydro- 
gen compounds known as nitro compounds, which are substitu- 
tion-products containing the group (NOj) in the place of 
hydrogen. Thus, for example, when nitro-me thane, CHg.NO: 
(which see), is treated with hydrogen, the reaction which takes 
place is represented thus ; — 

CH3.NO3 -H 6H = CH5.MH1 + 2HaO. 

In connection with another series, it will be shown that this 
reaction is a most important one, from the practical as well as 
the scientific stand-point. It may be said in anticipation that 
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tiie manufacture of aniline, and consequently of all the many 
valuable dye-stuffs related to aniline, is based upon tbis reac- 
tion. 

Just as we may look upon methyl-amine and the related com- 
pounds, BB ammonia, in which one hydrogen atom is replaced by 
methyl, so also we may regard them, and with equal right, aa 
marsh gas, in which hydrogen has been replaced by the group or 
rasidue NH^. Owing to the frequency of the occurrence of this 
group in carbon compounds, and for the sake of simplifying the 
nomenclature, the group has been called the amide or amido 
group, and the bodies coDtaining it amido-compounds. Thus 
the compounds NH, . C^Hs may be called either etkyl-amine or 
amido-ethane^ etc. 

Similarly, those bodies which contain two hydrocarbon resi- 
dues, as di-ethyl-amine, NH(CjH5)j; are called imido-compounds, 
and the group NH the imide or imido group. Substituted 
ammonias containing one hydrocaibon residue are called pri- 
mary amm.onia bases. Those containing two residues, as di- 
ethyl-amine, NH(CjHs)j, are known as seamdary ammonia 
bases, and those containing three residues, as tri-ethyl-amine, 
N(CHs)s, are called tertiary ammonia bases. 

Among the most important of the reactions of amido-com- 
pounds or primary bases is that which takes place when they 
are treated witli nitrous acid. Take ethyl-amine as an illustra- 
tion. In order to understand what takes place when this 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified ammo- 
nia, and hence we may expect that its reactions will be but 
modifications of tliosc which take place with anmionia. Thus 
with nitrous acid ammonia unites directly to form ammonium 
nitrite : — 

NH3 + HNOa = NH4.NO,. 



3 also ethyl-amine forms ethyl-ammonium nitrite : — 
NHj.CjH, -f- HNO, = NHg(C^,) . NO,. 
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Now we know that ammoDium nitrite breaks np readily into 
free nitrogen and water : — 

NH..NO, = Ns + HjO + H^. 
So also ethyl-ammonium nitrite breaks up into free nitrogen, 
water, and alcohol: — 

NH3(C^5)N0j = N3 + H,0 + CjH.-OH. 

The two reactions are strictly analogous. As in the second case 
we start with a substituted ammonia, we get as a product a 
svbsCiluted wcUer or alcohol. 

This reaction has been used very extensively in the prepara- 
tion of bodies containing hydroxyl. For ordinary alcohol, as 
is clear, it is not a convenient method of preparation ; but it 
will be shown that there are hydroxides for the preparation of 
which it is by far the most convenient method. The essential 
character of the transformation effected by it will be best under- 
stood by comparing the formulas of the amide and the alcohol. 
We have ethyl-amine, CbHj.NHj, and from it we get alcohol, 
C,HfOH. Thus we sec that the transformation consists in 
replacing the amido-group by hydroxyl. 

Hydrazine CoMPOiraDs. 
Of late a class of bodies has been studied, the members of 
which bear the same relation to the hypothetical body, NjHj 
(or HjN — NH;) , that the substituted ammonias bear to ammo- 
nia. The reactions by which they are prepared are somewhat 
complicated, and they do not play an important part in the 
study of carbon compounds. A mere mention of their exist- 
ence will therefore suffice for our present purpose. 

N ITRO-COMPOUNDS . 

Beference has already been made to a class of bodies con- 
taining the group NO}, and known as nitro-compoupds. They 
are most readily made by treating the hydrocarbons with nitrie 
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acid. TtuB method, bowcTer, is not applicable to tbe hydro- 
carboDs methane and ethane and their homologues, as these may 
be treated with nitric acid without undei^oing change. The 
hydrocarbon benzene, CtHg, is acted upon very easily by nitric 
acid, when the reaction represented by the following equation 
takes place : — 

CS<t + HO. NO, = C«H..NO, + H^. 

The action is like that which takes place between sulphuric 
acid and benzene, which gives the sulphonic acid C«H,.SO^H 
or * '>S0,. (See p. 76.) In each case a hydroxyl of the 
acid is replaced by the simple residae of the hydrocarbon. The 
product in the case of the bibasic acid, sulphuric acid, is itself 
still acid, while the product in the case of the monobasic nitric 
acid, is not an acid. 

The nitro-derivatives of methane have been made by a reac- 
tion which we would expect to yield ethereal salts of ni&ous 
acid ; namely, by treating iodo-methane or ethane with silver 
nitrite : — 

CHjI + AgNOs = CHjNOa + Agl. 

The compound CHj.NOi,, which is known as nitro-melbane, 
does not conduct itself like the ethereal salts of nitrous acid. 
The latter are unstable bodies, while the former is stable. 

Note for Student. — Compare the reaction jnst referred to with 
tJiat which takes pluce between silver c;aulde and iodo-methane; and 
that which takes place between lodo-ethaoe and potassium sulphite. 
What analogy is there to the former and to the latter? 

It has already been stated that the nitro-derivatives are con- 
verted by nascent bydrc^en into the corresponding amido- 
derivatives (see p. 97). 

Note ron Student. — Write the equations representing the reac- 
tions necessary to convert methyl alcohol into methyl-amine by means 
of the nltro^compound. 
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Nitrofonn, CHCKOOii cts' the %>iinula-in^eaife8,-'la tbe tri- 
nitro-derivative of methaue, or tri-mtro-methane. It ia con- 
verted into tetra-nitro-melhaiie, CQiOs),, when treated with a 
mixture of concentrated Bulphuric and fuming nitric acids. 

NitrOHShloroform, CCNO,)Clj, called also clUorpierin and 
nitro-triclUormethane, is formed by distilling methyl or ethyl 
alcohol with common salt, saltpetre, and sulphuric acid. It is 
formed IVom a number of more complicated nitro-componnds, 
by distilling them with bleaching lime or hydrochloric acid and 
potassium chlorate. 

Nrntoso- amd IsoNirHoso-CoMPOiraDa, 

When a compound containing the group CH is treated with 

nitrous acid, a reaction takes place, which is represented thus : — 

R.CH + HO. NO = B.C. NO + Wfi- 
The product R .0 . NO, which is derived from the original sub- 
stance by the substitution of the group NO for a hydr<^en 
atom, is called a nitrosO'Compound. By oxidation the nitroso- 
compouuds are converted into nitro-compounds, and by reduc- 
tion they yield the same products as the corresponding nitro- 
compounds. 

The isonitroso<compounds are isomeric with the nitroso-com- 
ponnds. They are formed whenever acetones or aldehydes are 
treated with bydroxylamine, NH9.OH. Assuming that the 
latt«r substance is really a hydroxyl derivative of ammonia, the 
reaction may be represented thus : — 

CHj CH3 

CO -I- HjN.OH = C-N-OH + HA 
1 I 

CH3 CHa 

The liydrt^en of the hydroxyl has acid properties. The iso- 
nitroso-compounds are readily broken up, yielding, as one of 
the products, hydroxylamine. C ociylf 
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Fulmilnb^abtH, ■^,iTjOiHiV according to recent investiga- 
tionB, appears to be an isouitroso-compound, and tor that 
reason finds appropriat« mention in this place. The principal 
compound of fulminic acid, is the mercury salt, CjNjOjHg, 
commonly known as fulminating mercury. It is prepared by 
dissolving mercury in strong nitric acid, and adding alcohol to 
the solution. It Is cztreiaely explosive. Mixed with potassium 
nitrate it is used for Ailing percussion -caps. 

When fulminating mercury is treated with concentrated hydro- 
chloric acid, it yields hydroxylamioe as one of the products of 
decomposition. This is regarded as evidence that fulminic acid 
is an isonitroso-compound. As will be seen, fulminic acid is 
isomeric with cyanic and cyanuric acids (see pp. 83 and 84). 
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CHAPTER Vn. 

DEBIVATnrBS OF METHANE AND ETHANE CON- 
TAINING PHOSPHORUS, AESENIC, ETC. 

Phosphorus compounds. — Corresponding to the amines or 
substituted ammomas are the phosphines, which, as the name 
implies, are related to phosphine, PHj. Methyl-phosphine, 
PHs-CHj, di-methyt-phosphine, PH(CHa)j, and tri-methjl- 
phosphine, P(CH3)s, may be taken as examples. 

These snbstances, like the corresponding amines, form salts 
with acids, though not as readily. The hydroxide, tetra-ethyl- 
pkosphonium hydroxide, P(C2H,),.0H, is a very strong base, 
though not as strong as the corresponding nitrc^u derivative. 

The ' phosphines have one marked property which distin- 
guishes them from the amines, and that is their power to take 
up oxygen and form acids. Thus, ethyl-phosphine, PHj.CiHj, 
when treated with uitric acid, is converted into ethyl-phoa- 
phinia add, PO(GiHj)(OH)[, a bibasic acid, bearing to phos- 
phoric acid the same relation tiiat the aulphonic acids bear to 
sulphuric acid. 



Di-ethyl-phosphine,PH(CjHj)5, yields di-etftyJ-pftospfti'niccHrfd, 
PO(CsHt)s.OH, when oxidized. 

These compounds are not commonly met with, and do not 
play a very important part in the study of the compounds of 
carbon. 

Arsemo oompouncls. — The most characteristic carbon 
compound containing arsenic is that which is known as cacodyl, 
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a. name given to it on account of its extremely disagreeable 
odor (from kukuSi}!, stinking) . It is prepared bj distilling a mix- 
ture of potassium acetate aad arsenic trioxide. Tlie reactions 
wtiicb take place are very complicated, and many products are 
formed. Chief among the products ia cacodyl oxide: — 

4 CHj.CO^ + As,Og = [(CHa)^A8],0 + 2 K,CO, + 2 COj. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride {CH3)jAsCl; and, when the chloride is treated 
with zinc, cacodyl itself is produced. Its analysis and the 
determination of its molecular weight lead to the formula 
AsqCiHu, which in all probability should be represented thus: 
(PH A I ' Cacodyl appears thus as a compound analogous 
to the hydrazines referred to above. (See p. 99.) 

NoTB FOR SiirDENT. — In what does the analogy consist? 

Many derivatives of cacodyl have been made, but their study 
would hardly be profitable to the beginner. 

By treating the chlorides of silicon, boron, and many of the 
metals with zinc ethyl, Zn(CjH,)j, many similar ethyl deriva- 
tives have been made. 

Zino ethyl itself is made by treating lodo-ethane, CjH^T, 
with zinc alone or with zinc sodium : — 

ZnNa, + 2 CjHJ = Zn(CA), + 2 Nal. 
It is a liquid boiling at 118°. It takes fire in the air, and burn.i 
with a white flame. 

Sodiiun-ethyl, C,H^a, may be obtained in combination 
with zinc ethyl by treating the latter with sodium. Both these 
compounds have been used to a considei'ahle extent in the syn- 
thesis of carbon compounds, particularly the more confplex 
hydrocarbons, and they will be frequently referred to in the 
following pages. 
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!NoTE FOB STCiiiiNT. — What Is formed when aodlum methjl and 
carbon dioslde are allowed to act npon each other? 

Many of the derivatives, like the abovei are volatile liquids. 
Such, for example, are mercury ethyl, Hg(CjH,)j, aluminium 
ethyl, Al(CiH,)„ tin tetrethyl, Sn(CiH,)„ and silicon t«trethyl, 
Si(C^j),. The study of these compounds has been of assist- 
ance in enabling chemists to determine the atomic weights of 
some of the elements which do not fonn simple volatile 
compounds. 

Retrospect. 
Tn the introductory chapter (p. 19) these words were used in 
describing the plan to be followed: "Of the first series of 
hydrocarbons two members will be considered. Then the de- 
rivatives of these two will be taken up. These derivatives will 
serve admirably as representatives of the corresponding deriva- 
tives of other hydrocarbons of the same series and of other 
series. Their characteristics and their relations to tlie hydro- 
carbons will be dwelt upon, as well as their relations to each 
other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been considered, the entire series of 
hydrocarbons will be taken np briefly, only such facts being 
dealt with at ail fully as are not illustrated by the first two 



In accordance with the plan thus sketched we have thus far 
considered the principal derivatives of the two hydrocarbons, 
methane and ethane, so far as these derivatives represent dis- 
tinct classes of compounds. These derivatives were classified 
first into (1) those containing halogens; (2) those containing 
oxygen ; (3) those containing sulphur ; and (4) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that the halogen derivatives, such as cblor- methane, 
brom-ethane, ete., bear very simple relations to each other. 

Cqitl^cdbvCoO^lt: 
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We found that under the head of oxygen derivatives, the most 
importaot and most distinctly characteristic derivatives of 
hydro-carbons are met with ; as, the alcohols, ethers, cUdtJiydes. 
acids, ethereal salts, and ketones. The sulphur derivatives, 
some of wliicU closely resemble the oxygen derivatives, include 
the sulphur alcohols or viercaptans, sulphur ethers, and mdphoni'- 
adds. 

On beginning the consideration of the nitrogen derivatives 
we found it desirable first to take up certain derivatives con- 
taining the cyanogen group, among which are cyanogen, hydro- 
cjanic acid, cyanic acid, and sulphocyanic aeid. Many interest- 
ing carlran compounds are closely related to these fundamental 
compounds. Such, for example, are the cyanides and carba- 
■mines, the cyanates and isocyanates, the sutpho-cyanatea and 
iso-stilpho-cyancUes or mustard-oUs. Following the compounds 
related to cyanogen, we took up the interesting comixjunds 
which are related to ammonia, the substituted ammonias or 
amines. Then came the nitro-dertvatives ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importance that the student should 
master the preceding portion of this book. If he studies care- 
fully the reactions which have been considered, and which are 
statements in chemical language which tell us the conduct of 
the various classes of derivatives, and if he performs the ex- 
periments which have been described, be will have a fair general 
knowledge of the kinds of relations which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
one hydrocarbon can yield, we know what derivatives we may 
expect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what has gone before, what follows will 
appear extremely simple. Whereas, if he has failed at any 
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point to catch the exact meaaing, if he has failed to see the 
coDDectioQ, he had better go back and faithfully review, or he 
will soou find his mind hopelessly muddled, and relations which 
are as clear as day will be concealed from him. 

A very excellent practice is to trace connections between the 
different classes of compounds, and show how to pass from one 
to the other. Thus, for example, (1) show by what reactions 
it is possible to pass from marsh gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHj.CHCls? (3) What reactions would enable us to make 
methyl-amine from its elements? (4) How may acetone be 
made from methyl-amine F (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine? etc., etc. It 
is well Id this sort of practice to select what appear to be the 
least closely -related compounds, and to show then how we may 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important re actions. 
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CHAPTER VIII. 

THB HYDROCABBONS OF THE MAlt8H-OAS 
SERIES, OB FABAFFINS. 

The existence of the homologous series of hydrocarbons be- 
ginning with methane and ethane was spoken of before its first 
two members were considered. A general idea of the extent 
of the series, and of the names used to designate the members, 
may be gained from the followiug table : — 



MARSH-GAS 


HYDROCARBONS. 


PARAFFIKa. HiDROCARBONS, C„I: 


Methane . . . . CH, . . 


Ethane . 








CJI, 






Propane 








C.H, 






Bntane . 








C,H,„ 






Pentane 








CMi. 






Hexane 








C^u 






Heptane 








C;H„ 






Octane . 








c^„ 






Nonane 








c^^ 






Dodecane 








C,JI» 






Hecdecane 








C„H„ 







BoUlDg-PolDt. 



The explanation of the remarkable relation in composition 
existing between these members, a relation to which the name 
homology is given, has already been referred to (p. 22). The 
number of hydrc^en atoms contained in a member of this series 
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bears a constant relation to the number of carbon atoms, as 
expressed in the general formula C„H^,^j. On examining the 
column headed " Boiling-Point " it will be seen that, as we pass 
upward in the seriee, the boiling-point becomes higher and higher. 
The first three members are gasea at ordinary tempei'atures, while 
the last boils at 278°. The elevation in the boiling-point is 
to some extent regular, as will be observed. The difference 
between butane, C,H,o, and pentane, CiH^, is 38 — 1 = 37°; 
that between pentane and the next member is 70 — 38 ^ 32° ; 
between hexane and heptane it is 98,4 — 70 = 28.4" ; between 
heptane and octane, 125 — 98.4 = 26.6° ; and, finally, between 
octane and nonane the difference is 148— 125 = 23°. Thus it 
will be seen that the elevation in boiling'point caused by the 
addition of CHj decreases as we pass upward in the series. 
Other relations have been pointed out, but it would be prema- 
ture to discuss tbem here. 

The chief natural source of the parafSns is petroleum ; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, undoubtedly contains a number of the members 
of the paraffin series, it is an extremely difficult matter to 
isolate them firom the mixture. Prolonged fractional distilla- 
tion is not sufficient for the purpose. If, however, some of the 
purest products which can thus be obtained be treated with 
concentrated sulphuric acid, and afterwards with concentrated 
nitric acid, and then washed and redistilled, they may be 
obtained in pure condition. 

Petroleum. — Petroleum occurs in enormous quantities in 
several places. Among the roost important localities are 
Pennsylvania, the Crimea, the Caucasus, Persia, Burmah, 
China, etc. In some places it issues constantly from the earth. 
Usually it is necessary to bore for it. When one of the cavi- 
ties in which it is contained is punctured, the oil is forced out 
of a pipe inserted into the opening in a jet, in consequence of 
the pressure exerted upon it by the gaseous constituents. As 
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first obtained, it is usually a dark, yellowish-greeu liquid, with 
an unpleaaaut odor. It varies in appearance according to the 
place in which it is found. American petroleum contains the 
lowest members of the paraffin series ; and when the oil is 
exposed to the air the gases are given off. 

Rejlning of petroleuitt. To render petroleum fit for nse in 
lamps, it is necessary that the volatile portions should be 
removed, as they form explosive mixtures with lur, just as 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those parts which have a certain specific 
gravity or boil between certain points are used for iQuminating 
purposes, under the name of kerosene. Besides being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, and 
afterwards with an alkali, and then with water. All these 
processes taken together constitute what ie called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cj/mogene, 
rhigolene, gasoline, naplitha, and benzine, all of which are 
lighter than kerosene. It must be distinctly understood that 
none of the substances here mentioned are pure chemical sub- 
stances. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, paraffin, which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improfierly 
refined petroleum, laws have been enacted relating to the 
properties which the kei-osene exposed for sale must have. 
These laws, which differ somewliat in different countries and 
different parts of the same country, relate mostly to what ia 
called the Jlaahing-point. This is the temperature to which the 
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Ill 



oil must be heated before it takes fire when a flame is applied 
to it. The legal flashing-point in many parts of the United 
States is 44°. Various forma of apparatus have been de- 
vised for the purpose of making the determination of the 
flashing-point as accurately as possible. Among tbem the fol- 
lowing commends itself by its simplicity : 
The cylinder ^ is 2 to B"" in diameter and 
10 to 12™ long. Just within the wooden , 
cork tlie bent tube contracts to a small 
oriflce. At d it is connected by rubber- 
tubing with a soui-ce of compressed 
(hand-bellows or gas holder), the flow of 
which can be controlled by the pineh-eock. 
A is about one-third filled with kerosene, 
and secured in a clamp, so that it phinges in 
a water-bath to the level of the oil. Air is "*' " 

now passed through deb, and e so adjusted that about 0.5™ 
foam is kept on the surface of the oil. From degree to degree 
the test is made by bringing a email flame for an instant to the 
mouth of A. At the flashing-point the vapor ignites, and the 
bluish flame runs down to the surface of the oil. 




Experiment 31. Make an apparatus like tiie above, and determine 
the flashing-pointB of two or three specimens of kerosene which may 
be aviUlable. 



Synthesis of the parafflns. — Although the paraffins do 
occur in nature, and some of them may be obtained in pure con- 
dition from natural sources, we are dependent upon synthetical 
operations performed in the laboratory for our knowledge of 
the series and the relations existing between them. 

We have already seen how ethane may be prepared from 
methane by treating methyl iodide with zinc or sodium, as repre- 
sented in this equation ; — 



CHsI + CHsI 4- 2 Nft = 



CjH. 4- 2 Nal. 
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This method has been extensively used in the building up of 
higher members of the series. Thus from ethane we may make 
ethyl iodide, and by treating this with sodium get butane 
C,H,„:~ 

CsHJ + CjH.1 + 2 Na = C,H,o + 2 Nal. 

But we may get the intermediate member, propane, CaHg, by 
mixing methyl iodide and ethyl iodide and treating the mixture 
with sodium : — 

CHJ + CjH.1 + 2 Na = CH^.CsH, + 2 Nal. 

By applying this method, it is plain that a lai^ number of tiie 
members of the paraffin series might be made. 

Another method consists in treating the zinc comjmunds of 
the radicals, like zinc ethyl, Zn(CjH,)„ with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and ethyl iodide give butane ; zinc ethyl and methyl 
iodide give propane, etc. : — 

Zn(CH,)5 + 2CHjI = 2 CjHa + Znl,; 
Zn(CsHs)j + 2 C3sl = 2 C.Hm + Znlj ; 
Zn(C,H,),+ 2CH3l = 2C,H, + Znlj. 

Paraffins may be made by replacing the halc^en in a substitu- 
tion-product by hydrogen. This may be effected by nascent 
hydrogen or by hydriodic acid : — 

C^HjpI + 2H = C^Hw + HI. 

Finally, the paraffins may be made by heating the acids of the 
formic acid series with an alkali. This has been illustrated by 
the preparation of marsh gas from acetic acid by heating with 
lime and caustic potash. The reaction may be written thcs : — 

CHj.COjK + KOH = CH^ + COjK,. 

The prodnoto are a hydrocarbon and a carbonate. 
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iBomerienn among the paraffins. — It has already been 
stated that the evidence is almost conclusive that each of the 
(our hydri^en atoms of marsh gas bears the same relation to the 
carbon, and beitce we believe that, as regards the nature of the 
product, it makes no difference which hydrc^en atom is replaced 
by a given atom or radical. Accoi'ding to this, as ethane is the 
methyl derivative of marsh gas, it makes no difference which of 
the hydrogen atoms of marsh gas is replaced by the methyl, the 
product must always be the same, or there is but one ethane 
possible according to the theory. This is represented by the 
H H 
I I 
formula, H - C - C - H, or H,C - CHj- In ethane, aa well as in 

H H 
methane, all the hydrogen atoms bear the same relation to 
the molecule, and it should make no difference which one is 
replaced by methyl. But propane is regarded as derived from 
et]iane by the substitution of methyl for hydrogen;. and, as it 
makes no difference which hydrogen is replaced, there is but 
one propane possible. Only one has ever been discovered, and 
this must be represented thus : — 
H H H 
I I I 
H-C-C-C-H, or CHs.CHj.CHj. 
1 1 I 
H H H 
Now, continuing the process of substitution of methyl for hydro- 
gen, it appears that tlie theory indicates the possibility of the 
existence of two compounds of the formula C4H,o. One of 
these should be obtained by replacing by methyl one of the three 
hydrt^ens of either methyl gi'oup of propane. It is represented 
by the formula : — 

H H H H 
I I ! I 
H - C - - C - C - H, ot HsC.CHj.CHj.CH,. 
I I i I 
H U H H r- I 
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The other should be obtaJDed by replacing by methyl one of the 
two hydrogens of the group CH^ contained in propane. This 
would give a hydrocarbon of the formula : — , 



H - C - C - C -- H, or CHs - CH - CHj. 
I I I 
H C H 

H H H 

The theory then indicates the existence of two butanes. How 
about the facts ? Two, and only two butanes have been discov- 
ered. The first, which occurs in American petroleum, has been 
made synthetically by treating ethyl iodide with zinc : — 

2CH3.CHjI + Zn = CHs.CHj.CHj.CHj + Znl,. 

The method of synthesis clearly shows which of the two possi- 
ble isomerides the product is. It is known as normal butane. 
It is a gas which can be condensed to a liquid at +1°. 

The second, or isobutane, is made from an alcohol which 
will be shown to have the structure represented by the formula 
CH, 

CH, _ c - OH (see Tertiary Butyl Alcohol, p. 124) , by replacing 

CH, 
the hydroxyl by hjdrt^en. It is a gas which becomes hquid 
at -17°. 

The differences between the two butanes are observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the series, how many isomeric varieties of pentane, 
C.H12, may we expect to find ? Tlie question resolves itself into 
a determination of the number of kinds of hydrogen atoms con- 
tained in the two butanes, or tlie number of relations to the 
molecule representeil among the hydrogen atoms of the butanes. 
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We can make this determination best by examining the struc- 
tural formulas. Take first normal butane : — 



H H H H 

In this there are plainly two different relations represented; 
viz., that of each of the sis hydrc^ens in the two methyl groups, 
and that of each of the four hydrogens of the two CHj groups. 
The two possible methyl derivatives of a hydrocarbon of this 
formula are therefore to be represented thus : — 

H.C.CHs.CH5.CHj.CHs, (1) 

and H,C.CH, .CH < ^K (2) 

CH, 

Now, taking isobntane, HC — CH,, we see that it consists of 

CH, 
three methyl groups, giving nine bydr<^en atoms of the same 
kind, and one CH group, the hydrogen of which bears a dif- 
ferent relation to the molecule from that which the other nine 
do. There are therefore two possible methyl derivatives of 
isobntane which mnat be represented thus : — 

CHj CH, 

I I 

HC - CHa.CHs (3), and H3C - C - CHg. (4) 

I I 

CH, CHs 

We have, therefore, apparently four peutanes. But on compar- 
ing formulas (2) and (3), it will be seen that, though written a 
little differently, they really represent one and the same com- 
pound. Thus the number of pentanes, the existence of which 
is indicated by the theory, is three, and these are represented 
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by fonnulas (1), (2), and (4). Tlieg are all fcntww. The 
first is called normal pentsne, the secood iso-pentane or 
di-methyl-ethyl-methane, and the tlitid tetra-iuethyl-iiie- 
thane. 

It would lead loo far to discoss all the methods of prepara- 
tion and the properties of these hydrocarbons. It will be seen 
that the metLods of preparation show what the structure of a 
hydrocarbon is. Di-metbj'l -ethyl-methane is made from an 
alcohol which can be shown to have the formula 



^>CH.CHa.CHpH, 



by replacing the hj-droxyl by hydrogen. Hence its stracture is 
that represented above by formulas (2) and (3). 

Tetra-methyl-methane is made by starting with acetone. 
Acetone has been shown to consist of carbonyl in combina- 
tion with two methyl groups, as represented in the formula 
CHj— CO— CHj. It has also been shown that, by treating 
acetone with phosphorus pentachloride, the oxygen is replaced 
by chlorine, giving a compound of the formula CHs—CClj—CHj. 
Now, by treating this chloi-ide with zinc-methyl, the chlorine is 
replaced by methyl thus : — 

CHj 
I 
CHj-CClj-CH, -H Za{ClUh = CHa-C-CH. + ZnCl,. 
i 
CH. 

The product is tetra-methyl-methane, and the synthesis thus 
effected shows at once what the stracture of the product is. 

Hexanes The student will now be prepared to apply the 

theory to the detei-mination of the number of hexanes possible. 
He will find that there are five. The theory is, in this case aa in 
the preceding, in perfect accordance with the facts. There are 
five and only five faexanes known. Only the names and formu- 
las of these will be given here : — /• r 
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1. Normal hexane, CHj.CHj.CHi.CHj.CHj.CH,. 

2. l8o-hexane. CH3.CHa.CH3,CH<^^'. 

3. Methyl-di-ethyl-methane, CH3.CH,<^"^'^'^"». 



5. Tri-methyl-ethyl-methan©, HaC-C-CHj-CH,. 

I 

Passing upward, we find that nine heptanes are possible 
according to the theory, while but four have thus far been 
discovered ; and that, while theory indicates the possibility of 
the discovery of eighteen hydrocarbons of the formula CgH,,, but 
three &re known. The theoretical number of isomeric varieties 
of tne highest members of the series is very great, but our 
knowledge in regard to these highest members is very limited, 
and it is impossible to say whether the theory will ever be 
conflrmed by facta. It may be that there is some law limiting 
the number of complicated hydioearbons. It is, however, idle 
to speculate upon the subject at present. It is well for ns to 
lieep in mind that a thorough knowledge of a few of the simplest 
members of the series is all that is necessary for the present. 

On examining the formulas used to express the structure of 
the hydrocarbons, we find that they may he divided into three 
classes : — 

(1) Those in which there is no carbon atom in combination 
with more than two others ; as, — 

Propane .... CHa.CH^.CHj; 

Normal butane . . CH, .CHa .CH, .CH, ; 

Normal pentane . CH3.CH,.CH,.CHs.CH5; 
and Normal hexane . . CHj.CH,.CHs.CHj.CH,.CH,,. 
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(2) Those in which there is at least one carbon atom in 
combination with three others; as, — 

iBobutane . . . . CHe.CH<^JJ«; 
Isopentane ... CHa.CHj.CH<^l»; 
iBohexane. . . . CH,.CH,.CH,.CHa<^^; 
and Tetra-methyl-ethane, j!»^ > CH -CH < ^M». 

(3) Those in which there is at least one carbon atom in 
combination with four others; as, — 

CH, 

Tetra-med^yl.) .ch,_C-CH.; 

methane i ' i 

CHe 
CHj 
, Tri -methyl-ethyl- 1 , 1 „„ 

•"■^ methane } ' C,H._C-CH,. 

CHs 

The members of the first class are called normal parafflna; 
those of the second class, iso-paraffins; and those of tlie third 
dass, neo-paraffins. 

Only the members of the same class are strictly comparable 
with each other. Thus it has been found that the boiling-points 
of the normal hydrocarbons bear simple relations to each other, 
and that the same is ti^ue of the iso-paraf9ns ; but, ou compar- 
ing the boiling-points and other physical properties of normal 
paraffins with those of the iso- or neo-parafflns, no such simple 
relations are observed. 
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Regarding the nameB of the parafflne, the simplest nomen- 
clature in use is that according to which the hydrocarbons are 
all regarded as derivatives of methane. Thus we get the 

|-C,H(, 



name ethji-methaoe for propane, C ^ „ ; tri-methyl-i 

' f CH. 

for isobntane, C i ^"' ; tetra-methyl-methane, C i „^, 
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CHAPTER IX. 

OXYGEN DERIVATIVES OF THE HIGHER MEM- 
BERS OF THE PARAFFIN SERIES. 

We are now to take up the derivatives of the higher mem- 
bers of the parafflo series, just as we took up the derivatiyes of 
metfaaue and ethane. Not much need be said in regard to the 
hal<^en derivatives. A few of them will be mentioned in con- 
nection with the corresponding alcohols. The chief substances 
which will require attention ai-e the alcohols and acids. 

1. Alcohols. 

Normal propyl alcohol, CjHv.OH. — When sugar under- 
goes fermentation, a Uttle propyl alcohol is always formed, and 
is contained in the " fusel oil." From this it may be separated 
hy treating those portions which boil between 85° and 110" 
with phosphorus and bromine. The bromides of the alcohols 
present are thua formed (what is the reaction?), and these are 
separated by fractional distillation. The bromide correspond- 
ing to propyl alcohol is then converted into the alcohol (how 
may this be done?). 

It is a colorless liquid with a pleasant odor. It boils at 97.4° 
(compare with the boiling- points of metiiyl and ethyl alcohol) . 
It conducts itself almost exactiy like the two fii-st members of 
the series. By oxidation it is converted into an aldehj'de, 
CaHO, and an acid, CsHgOj, which hear to it the same relations 
that acetic aldehyde and acetic acid bear to ethyl alcohol. 

Secondary propyl or Isopropyl alcohol, CHi.OH. — 

The reasons for regarding the alcohols as hydroxyl derivatives 
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of the hydrocarbons have been given prettj fully. As the six 
hydrogen atoma of ethane are all of the same kind, bnt one 
ethyl alcohol appears to be possible and only one is known. 
But juat ae there are two butanes or methyl derivatives of pro- 
pane, so there are two hydroxyl derivatives of propane ; or, in 
other words, two propyl alcohols. The first is the one obtained 
from " fusel oil," the other is the one called secondary propyl 
alcohol. This has already been referred to under the head of 
Acetone (see p. 72), where it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydrogen. 
We are, in fact, dependent upon this method for the prepara- 
tion of the alcohol. 

It is, like ordinary propyl alcohol, a colorless liquid. It 
boils at 85°. While all its reactions show that it is a hydroxide, 
under the influence of oxidizing i^ents it conducts itself qnite 
differently from the alcohols thus far considered. It is eon- 
verted first into acetone, CjHgO, which is isomeric with the 
aldehyde obtained from ordinary propyl alcohol ; by further 
oxidation, it however does not yield an acid of the formula 
CjHjOj, aa we would expect it to, but breaks down, yielding 
two simpler acids; viz., formic acid, CHjOj, and acetic acid, 

Secondary alcohols. — Secondary propyl alcohol is the 
simplest representative of a class of alcohols which are known 
as secondary alcohols. They are made by treating the ketones 
with nascent hydrogen, and are easily distinguished from other 
alcohols by their conduct towards oxidizing agents. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller num- 
ber of carbon atoms. 

Is there anything in the structure of these secondary alcohols 
to suggest an explanation of their conduct? Secondary pro- 
pyl alcohol is made from acetone by treating with nascent 
hydrogen. Acetone contains two methyl groups and carbonyl, 
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as represented by the formula CHj— CO— CHj. The sim- 
plest change that we caa imagine as taking place in this com- 
poand under tbe influence of hydrogen is that represented in 
the following equation: — 

CHj-CO-CHg -H H, = CH,~CH .OH-CHj. 

The very clone connection existing between acetone and second- 
aiy propyl alcohol, and the fact' that there are two methj-1 
groups iu acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain ethyl, shows that in the alcohol eliiyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the formulas : — 

rH 



r CH,.CH, 


fCH. 


Hh 


OOH.. 


•-OH 

Ethyl msUiyl alcohol or 


■■OH 

Dlmelhyl methyl alt 
bol or KcODdBrr 
propfl alcohol. 



Primary propyl alcohol is methyl alcohol tn which one hydrogen 
ig Traced by a radical, while secondary propyl alcohol is 
methyl alcohol in which two hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows that 
the above statement may be made in regard to all of them. 
They must he regarded as derived from methyl alcohol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called primary aleokoU, 
Another way of stating the difference between prinmrT and 
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secondary alcohols is this : Primary alcohols contain the group 
CHjOH ; secondary alcohols contain the group CHOH. These 
statements, as will be seen, are corollaries of the first ones. 

A primary alcohol, nheii oxidized, yields an aldehyde and nn 
acid containing the same number of carbon atoms as the 
alcohol does. 

A secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids containing a smaller number of carbon 
atoms. 

Recalling what was said r^arding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, we see that the formation of the acid is impossi- 
ble in the case of a secondary alcohol. In the case of a 
primary alcohol, we have : — 



H 



H C J OH. 



LO lO 

Aldehyde. Acid. 

In the case of the secondary alcohol, we have : — 



:i R. 

^O 



Further introduction of oxygen cannot take phice without a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
remarkably in accordance with the facts. 

Butyl alcohols, C.Hg.OH. — Theoretically, there are two 
possible hydrosyl derivatives of each of the two butanes, 
making four butyl alcohols in all. They are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol. CHj.CHj.CHj.CHj.OH. 



The third is a derivative of normal butane, and is a secondary 
alcohol. 

3. Secondary butyl alcohol, CHs.CHj.CH <^^ . This 
alcohol ia prepared by treating ethyl- methyl ketone with nascent 
hydrogen : — 

,0H 



(Compare this with the reaction for making secondary propyl 
alcohol.) CH, 

i. Tertiary butyl alcohol, CHj-C-OH. The fourth butyl 

CHj 
alcohol has properties which distinguish it from the primary and 
secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but breaks down at once, yielding acids con- 
taining a smaller number of carbon atoms. Assuming that every 
primary alcohol contains the group CHjOH, and that every sec- 
ondai7 alcohol contains the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcohol must have 
the formulas above assigned to them ; aud it follows further, that 

CH, 

the fourth butyl alcohol must have Ihe formula CH, — C — OH, 

CH, 
.13 this represents the only other arrangement of the constituents 

possible, according to our theory. This formula represents a 
condition which does not exist in either the primary or second- 
ary alcohols. It is methyl alcohol in which all the hydi-ogen 
atoms, except that in the hydroxy], are replaced by methyl 
groups, and it contains the group C — (OH), Such an alcohol 
is known as a tertiary alcohol, and the one under consideration 
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19 called tertiary butyl alcohol. It is the sitnpleBt derivative of 
ft class of which but few members are known. 

Tertiary butyl alcohol is made by a complicated reaction 
which cannot eaaOy be interpreted; viz., by treating acetyl 
chloride, CH3.COCI, with zinc methyl, Zn(CH3)j. These two 
substances unite, forming a crj'stallized compound ; and, when 
this is treated with water, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. By taking other acid 
chlorides, and the zinc compounds of other radicals, other 
tertiary alcohob may be obtained. 

Okaracteristics of the three Classes of jHcoJujIs. To recapitu- 
late briefly, we find, in studying the hydroxyl derivatives of the 
hydrocarbons, that they can be divided into three classes, ac- 
cording to their conduct towards oxidizing agents. 

To what was said above regarding the conduct of primary 
and secondary alcohols we can now add : Tertiary alcohols 
yield neitlier aldehydes nor acetones, but break down at once, 
yielding simpler acids. 

The general formnlas representing these three kinds of alco- 
hols are : — 

rE fit l-R 

and C^ 



Note for Student. — Show how the formula for the tertiary alco- 
hols is in accordance with the fact that these alcohols do not yield 
aldehydes nor ketones. 



Pentyl alcohols, CiHu.OH.— These alcohols are the hy- 
droxyl derivatives of the pentanes. Eight are possible, and 
seven of these are known. Only two of them need be con- 
sidered here. These are the so-called amyl aXcohola. 
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Inactive amyl alcohol, ^S' > CH - CHj - CH,OH. — 
This alcohol, together with at least one other of the same 
compoaition, forms the chief part of the fusel oil obtained in 
the fermentation of sugar. By fractional distillation of fusel 
oil ordinary commercial amyl alcohol is obtained, as a colorless 
liquid, having a penetrating odor, and boiling at 131° to 132°. 
This can be separated by other methods into two isomeric 
alcohols, one of which is inactive amyl alcohol and the other 
active amyl alcohol. The names refer to the behavior of the 
substances towards polarized light, the foi'mer having no action 
upon it, the latt«r turning the plane of polarization' to the left. 

When oxidized, inactive amyl alcohol yields an acid contain- 
ing the same number of carhon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reac- 
tions which show that it must be represented by the formula 
^^>>CH.CH,.CO,H. Therefore, the alcohol has the structure 
represented by the foi-mula ^jJ=>CH.CH,.CK,OH. 

Active amyl alcohol. CHs.CH,.CH<^Qg.— This,as 
has been stated, is obtained, together with the inactive alcohol, 
from fusel oil. Not enough is known about it to enable us to 
say with certainty whether the above formula represents its 
structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 
though a list of some of the more important ones is given 
below. As regards the naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons arc 
referred to marsh gas. For this purpose methyl alcohol is 
called carbinol, and we then get such names as methyl-carbinol, 
di-ethyl-carbinol, ot«., which convey at once an accurate idea 



bvCoo^lt: 



NOMENCLATUEB. 127 

conceming the structure of the substances. A few illustrations 
will suffice. Take tlie alcohols considered above : — 



Ethjl alcohol is melA^f-car&titoi, 



Primary propyl alcohol is ethyUcarbinol, 



OH 
CH^Hj 



f CH, 
Secondary propyl alcohol is 'di-methyl- \ -, J CHj 

I- OH 

I CH». 
1 CH,' 



Tertiary butyl alcohol b tri-methyl-carbinol, C 



LOH 



CH..CH<^H. 

Inactive amyl alcohol is isobutyl-cartrintd, 

iOH, etc., etc., 
a name given to it on account of the presence in it of the iso- 

butyl group CH,.CH < p^. 

The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the paraffins is 
developed. There are eight hexyl alcohols and four hept^'l 
alcohols known. Of most of the higher members but one 
variety is known. They are not important, except in so far 
as they indicate the possibility of the discovery of other 
alcohols. 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 
Series C„Hi„+,.OH. 

Methyl alcohol CHa-OH. 

Ethyl " CjHj.OH. 

Propyl '■ C,H,.OH. 

Butyl " C^j.OH. 

Pentyl " C.Hu.OH. 

Hexyl " C,H„.OH. 

Heptyl " CjHij.OH. 

Octyl " CHij.OH. 

Nonyl " Cyiu.OH. 

Cetyl " C^M.OH. 

Ceryl " C»H„.OH. 

MjTieyl " CoHji.OH. 

2. Aldehydes. 

In general, it follows from what has been said conceraiug 
the properties of primary aleohols, that there should be an 
aldehyde eorresponding to eveij primary alcohol. Many of these 
have been prepared. They resemble ordinary acetic aldehyde so 
closely that it is unnecessary to take them up individually. If 
we know the structure of the alcohol from which an aldehyde is 
formed by oxidation, we also know the structure of the aldehyde. 

Besides the one method for the preparation of aldehydes 
which has been mentioned, viz., the oxidation of primary 
alcohols, there Is one other which should be specially noticed. 
It consists in distilling a mixture of a formate and a salt of 
some other acid. Thus, if a mixture of an acetate and a 
formate be distilled, acetic aldehyde is formed as represented 
by the equation t — 

Aldebyd.. L„, ;.,...,,C_i00^1C 
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This method has been nsed to a considerable extent in making 
the higher memijers of the aeriea. 

Experiment 32. Mix about equal weights of diy potassium form- 
ate aud dry sodium acetate. Distil Trom a small flask. Collect some 
of the distillate in wat«r, and prove that aldehyde is formed. 

3. Acids. 
Formic and acetic acids are the first two members of an 
homolc^ous series of similar acids, generally called the fcUty 
acids, on account of the fact that several of them occur in large 
quantities in the natural fats. The names and formulas of 
some of the principal members are given in the following 
table. The reasons for representing the acids as compounds 
containing the carboxyl group, GO^, have been given, and 
need not here be restated ; — 

FATTY ACIDS. 
Series C„H;„+,.C0JI, or C„HfeO,. 

Formic aeid H.COaH. 

Acetic " CHs-COja. 

Propionic " C,H, .COjH . 

Butj-ric " CsHj.COjH. 

Valerie " C,H,.CO;H. 

^^r'°*^' } C,H„.CO,H. 

Hexoic acids ) 

ffinanthjlioop) Cfl„.COfi. 

Heptoic acids ) 

C.p.7llo» 1 CH„.CO,H. 

Octoic acids ) 

PeUrgonioor } C.H„.CO,H. 

Nonoic acids ) 

Capric acid C»H„.COjH. 

C,q,t,=cdbvC00g[C 
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Laiiric . aeid . . CuHb.COjH. 

Myristic " CiaHij.COjH. 

Palmitic " CuH^.CO^H. 

Margwic " C^a,.CO,H. 

Stearic " CuH„.COjH. 

Arachidic " CuH„.CO^. 

Behenic " CaH„.COjH. 

Hyenie " Cj,H«.COiH. 

Cerotic " ........ Cafla.COifl. 

Melissic " CaJI».COjH. 



Althongh, as will be seen, a large number of fatty adds are 
known, most of them incluiled in the list are at present merely 
curiosities, and need not be studied specially. Not more than 
six in addition to foimic and acetic acids will require attention. 

Propionic acid, 0,HsOj(0iHj.0OjH). — Propionic acid ia 
formed in small quantity by the distillation of wood, and by the 
fermentation of vaiious organic bodies, particularly calcium 
lactate and tartrate. It b prepared most readily by treating 
ethyl cyanide (propio-nitrile) with caustic potash : — 

CsHj-CN + KOH + HgO = CjH,COsK + NH.. 

Other methods for preparing it are the following : — 

(1) By reducing lactic acid with hydriodic aeid. (This will 
be explained under the head of Lactic Acid, which see.) 

(2) By the action of carbon dioxide upon sodium ethyl : — 

COj + NaCjH, = CjHj.COaNa. 

It is a colorless liquid with a penetrating odor somewhat re- 
sembling that of acetic acid. It boils at 140°. (Compare with 
boiling-points of formic and acetic acids.) 
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It yields b, lai^e number of derivadveB con;espODding to 
those obtained from acetic acid. 

Note for Studunt. — What is proplonyl chloride? and how can it 
be prepared? It is analogous to acetyl chloride. 

The simple sobstitDtion- products of propionic acid present an 
int«restiiig and instructive case of isomerism. It is found that 
there are two clilor-propionic acids, two brom-propiouic acids, 
etc. Those products which are obtained by direct treatment of 
propionic acid with substituting agents are called a-products, 
and the isomeric substances j8-products. Thus we have a-cHor- 
propionk and a-hrom-^TOpionie acid, made by treating propionic 
acid with chlorine and bromine ; and ^-cUor-propionic acid and 
fi-brom-pTopionic acid, made by indirect methods. The differ- 
ence between these two series of derivatives is due to different 
relations between the constituents. Our usual method of repre- 
sentation indicates the possibility of the existence of two iso- 
meric chlor-propionic acids, and of similar mono-substitutioD 
products of propionic acid. The acid is represented thus : — 

CHj.CHb.CO^. 
Now, if chlorine should enter into the compound, as represented 
by the formula CH^Cl .CHj .COjH, (1) we would have one of 
the chlor-propionic acids ; while, if it should enter as indicated 
in the formula CHa.CHCl.COjH, (2) we would have the iso- 
meric product. We have thus two chlor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents a-chlor-propionic acid, 
and which the /3-acid? We can tell only by carefully consider- 
ing all the reactions and methods of formation of both com- 
l>ounds. The best evidence is flimished by a study of the lactic 
acids, which will be shown to be mono-substitution products of 
propionic acid. It will be shown that a-chlor-propionie acid 
can be transformed into a lactic acid the structure of which is 
represented by the formula GHa.CH(OHJ.CO^, and that, by 



bv Google; 



132 DBEITATIVBS OP THE PARAFFINS. 

replacing the hydroxyl of this lactic acid by chlorine, a-chlor- 
propionie acid is Tonued. It therefore follows that formula (2) 
above given is that of a-chlor- propionic acid, and formula (1) 
that of ^-chloi-propionic acid. Fmther, any niono-Bubstitution 
product of propionic acid which can be made directly from 
a-cfalor-propionic acid, or converted directly into this acid, is an 
a-product, and has the general formula 

CHj.CHX.CO^; 
and, similarly, the /3-producte have the general formula 

CH^X.CHj.COjH, 
in which X represents any univalent atom or group. 

Butyric acids, C,HsO,(CjH,.OOjH). 

2formal bittync acid, CHj.CHj.CHi.COjH. When bntter is 
boiled with caustic potash, the potassium salts of butjTic acid and 
of some of the higher members of the aeries are found in the solu- 
tion at the end of the operation. Bntter, like other fats, belongs 
to the class of bodies known as ethereal salts ; and these, as we 
have seen, when boiled with the alkalies arc decomposed, yielding 
alcohol and alkali salts of acids (saponification) . In the case of 
butter and of nearly all other fate, the alcohol formed is glycerin. 
Butyric acid occnrs also in many other fats besides butter. 

It is made most readily by fermentation of sugar by what is 
known as the butyric add ferment. This ferment probably is 
contained in putrid cheese. Hence, to make the acid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
certain quantities of putrid cheese and sour milk are added, 
and also some powdered chalk. At first the sugar is converted 
into glucose : — 

Ci^E^.1 + H^ = 2 C^, A- 

Cuie >ngar. Gloeone. 

The glucose breaks up, yielding lactic acid, CgH^,i — 
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And, finally, the lactic acid is converted into butyric acid : — 
2 CjHeOj = C^HjOa + 2 CO, + 4 H. 
Other methods for the preparation of bntjric acid are ; — 

(1) By oxidatioQ of aormal butyl alcohol ; and 

(2) By treating normal propyl cyanide, CHj .CH, .CH^N , 
wilh caustic potash. 

The acid is a liquid having an acid, rancid odor, like that of 
rancid butter. It boils at 163°. (Compare with the preceding 
acids.) Like the lower members of the series it mixes with 
water in all proportions. 

Ethyl bulyrate, CgMT-COjCsHj, has a pleasant odor resembling 
that of pineapples. It is used under the name of essence of 
pineapples. 

iBobutyrio acid, S5°>CH.COjH. — From the two propyl 
alcohols the two chlorides, propyl chloride, CHg .CHj .CHjCl, 
and isopropyl chloride, '>CHC1, can be made, and from 
these the corresponding cyanides, — 

Propyl cyanide ..... CH, .CH, .CH,CN, 
CH. 
CHj 

By boiliug with caustic potash, the former is converted into 
normal butyric acid, as stated above ; while the latter yields 
isobutyric acid, '>CH.COjH. This acid may be prepared 
also by oxidizing isobutyl alcohol, ''>CH.CHjOH. It in 
found in nature in the carob bean. 

Isobutyric acid is a liquid which boils at 154°, Its odor is 
less unpleasant than that of the normal acid. 

Valeric acids, CsH,„OiCC,Hj.CO:H). — Four carboxyl de- 
rivatives of the butanes are possible. Four acids of the 
foi'mula CjHioOj are known. 

cqiti^cdbvCooglc; 
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Inactive or ordinary valeric aoid, «^ > CH.CH,.C03. 
— This acid ia made by oxidizing inactive amyl alcohol. It 
may also be made (and this reaction reveals the stmcture of 
the acid) by starting with isobutyl alcohol, '>CH.CHjOH, 
converting this first into the chloride and then into the cyanide, 
and, finally, transforming the cyanide, which is ' > CH.CH,CN, 
into the acid. It occurs in valerian root, whence its name. It 
is an unpleasant smelling liquid, boiling at 175°. It requires 
thirty parts of water for solution, 

Amj/l valerate, C,H,.CO^aHii, has the odor of apples, and is 
used under the name of essence of apples. 

Active valeric add, j-,q^>CH.CH,.CHi.— This acid 
is prepared by oxidation of active amy! alcohol. Altbough tbe 
alcohol turns the plane of polarization to the left, the acid 
tnms it to the right. The alcohol is said to be l<Bvo-rotatory, 
and the acid dextro-rotatory. 



The higher acids of the series are, for the most part, fonnd 
in varions fats. They ai-e difficultly soluble in water. The 
highest members are solids. The two best known, because 
occurring in largest quantity, are palmitic and stearic acids. 
These are contained in combination with the alcohol, glycerin, in 
all the common fats. The fats will be treated of under the 
head of Glycerin. 

Palmitic acid, CuHh.COiH, may be made by saponifj'ing 
many fats, but especially palm-oil, from which it is obtained 
mixed with only one other acid. 

It crystallizes in needles which melt at 62°. 

Stearic aoid, CuHjt.COjH, is the acid contained in that 
|.articular fat known as stearin. The so-called " stearin can- 
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dies " are really made of a mixture of palmitic and stearic 
acids, and from them stearic acid can be separated in pnre form 
by long-eontinned fractional crjetallizatioD from ether and 
alcohol. 

It crystallizes from alcohol in needlee or laminte which melt 
at 69°. 

Soaps. — In speaking of the decompositions of ethereal salts 
by boiling with alkalies, it was stated that this process is 
called saponification becanse it is best exemplified in the manu- 
facture of soaps from fats. The fats are themselves rather 
complicated ethereal salts. When they are boiled with an 
alkali, as canstic soda, the alcohol is liberated, and the alkali 
salts of the acids are formed. These salts are Ike soaps. They 
are in solution after the process of saponification is completed, 
and may be separated by adding a solution of common salt, in 
which they are insoluble. 

Elxperlmeut 33. In an iron pot boll about lOOs of lard with a 
solution of caustic soda for two hoars. After coollDg, add a stroDj; 
solution of sodium chloride. The soap will separate and rise tti the 
top of the Bolntion, where it will finally solidify. Dissolve some of 
the soap thus obtained In water, and filter. Add hydrochloric acid, 
wben the free fatty acids, mainly palmitic and stearic adds, will 
separate as solids, which wilt rise to the top. The hydrochloric acid 
simply decomposes the sodium palmltate and stearate, giving tKe 
palmitic and stearic acids and sodium chlorides ; — 

C,jHj,.CO,Na + HCl - C,sH„.CO,H + NaCl, 

eodlum PBlmiuM. Fabnltli: Add. 

and Ci,H„.CO^a + HCI = Ci,Hji.CO,H + NaCl. 

Bodlom BlcanU. B(«uie Add. 



The remaining derivatives of the higher members of the 
paraffin senes include the ethers, ketones, ethereal salts, 
mercaptans, sulphur ethers, sulphonic acids, cyanides and 
isocyanides, cyanatee and isocyanates, sulpho-cyanates and 
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iso-Bulpho-cTanates, substituted ammonias and analogoas com- 
pounds, metal derivatives, and nitro-derivativeB. 

A great many substances belongiDg to these classes, and 
containing residues of the higher hydrocarbons, have been pre- 
pared and studied ; but, in the main, they so closely resemble 
the simpler substances which have already been described that 
we would gain nothing by taking them up here individually. 
The student, however, is earnestly advised to apply the princi- 
ples discussed in the first part of the book to a few other cases. 
Thus, let him take propane and butane, and, not only write the 
formulas of the derivatives which may be obtained from them, 
but, above all, write the equations representing the action in- 
volved in their preparation, and the transformations of which 
they are capable. 

POLYACID ALCOHOLS AND POLYBASIC AGIOS. 
1. Di-AciD Alcohols, 
The alcohols thus far considered are of the simplest kind. 
They correspond to the simplest metallic hydroxides, as potas- 
sium hydroxide, KOH. Just as these simplest metallic hydrox- 
ides are called mon-acid bases, so the simplest alcohols are 
called mon-acid alcohols,' expressions which are suggested bj- 
the term mono-basic add. But, as is well knowa, there are 
metallic hydroxides, like calcium hydroxide, Ca(OH)!, barium 
hydroxide, Ba(0H)2, etc., which contain two hydroxyls, and 
are hence known aa di-acid bases; and so, too, there are di-at^ 
alcohols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one 
alcohol of this kind, derived from the paraffin hydrocarbons, is 
well known. 

Ethylene alcohol or glycol, C,H90,[C3.(OH)j].— Glycol 
is made by starting with ethylene, a hydrocarlion of the foi-mula 
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CjH,. When this is brought together with bromine, the two 
unite directly, formjug ethylene bromide, CjHiBra. By replacing 
the two bromine atoms by hydroxyl, ethylene alcohol or glycol 
ie formed. 

It is a colorless, inodorous, somewhat oily liquid, which boila 
at 197.5°. It has a sweetish taste, and is hence called glycol 
(from yXvKVi, sweet). Hence, further, the other alcohols of 
this series are also called glycols. 

The derivatives of ethylene alcohol are not as numerous as 
those of the better known members of the methyl alcohol series, 
but those which are known are of the same general character. 
The reactions of the alcohol are the same as those of the mon- 
acid alcohols, but it presents more possibilities. In most cases 
in which a mon-acid alcohol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

~-ONa' 
can be formed; from these, by treating with ethyl iodide, the 

two ethers, elhyl-glycol ether, CjH, < '' ", and di-ethyl~glycol 

OCH 
ether, C^S, < ' % are made. By treatment with hydro- 

"^^ CI 

chloric acid, the chloride, CjH, < , known as ethylene chlor- 

hydrine is formed ; and this, by treatment with phosphorus tri- 
chloride, may be converted into ethylene chloride, CaHjCla, etc. 
Its conduct towards acids is like that of a di-acid base. It 
forms neutral and cUcokolic sails, of which the acetates may 
serve as examples. Thus we have the 

M(m>-acetate, C^H. < ^j?"^**^, 

and the Di-acelate, C^a < 2p^'2 : 

tlie former still containing alcoholic hydroxyl and corresponding 
to a Dasic salt ; the latt«r being a neutral compound. 
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Under the head of Acetyl Chloride (see p. G2) the action 
of acetyl chloride upon oi^anic compounds^ containing oxygen 
was spoken of as affording a convenient method of det«miiniDg 
whether a given substance is an alcohol or not. It is plain 
that, as the reaction which takes place between a mon-acid 
alcohol and acetyl chloride, and which is represented by the 
equation 

R.OH + C^HsOCl = E.OC,H,0 + HCl, 

is due to the presence of alcoholic hydroxyl, the reaction must 
be repeated for every alcoholic hydroxyl contained in the com- 
pound; or, at least, this result would be expected. As a 
matter of fact the reaction is thus repeated for every alcoholic 
hydroxyl present. Hence, by treating an oxygen derivative 
with acetyl chloride, we can not only determine whether the 
derivative is an alcohol or not, but also, if it is an alcohol, 
whether it is mon-acid or di-acid, etc. Thus, suppose we 
treat ethylene alcohol with acetyl chloride. This reaction takes 
place, — 

C,H,(OH)a + 2 CjH,OCl = CJi^ < ^^'j?*^ + 2 HCl ; 

and a body, which analysis shows to have the composiljon repre- 
sented by the formula 

is formed. Such a body could only be formed by the introduc- 
tion of two acetyl groups into the alcohol, and we therefore 
conclude that the original substance is a di-ocid alcohol. 

There are two ways in which the structure of a compound 
of the formula C5H4(OH)2 may be represented. . They are, — 

CH,(OH) 
(1) I , in which each hvdrosyl is represented in combi- 

CH,(OH) ■ CH{OH), 

nation with a different carbon atom ; and (2) I , in which 

both hydroxyls are represented in combination with the some 
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carboD atom. The queetioa at once su^^ste itself, to which of 
these formulas does ethylene alcohol correspond? To answer 
this question, we roust recall what was said regarding the two 
dichlor-ethanes, knowa as ethylene chloride and ethylidene diloride. 
The former of these corresponds to the formula CHjCI.CH[CI, 
while the latter, which is formed from aldehyde by rcplaciog the 
earbonyl oxygen by two chlorine atoms, is represented by the 
formula CHClj-CHj. When the chlorine atoms of ethylene 
chloride are replaced by hydroxyl, ethylene alcohol is produced. 

CH,(OH) 
Hence, the alcohol has the formula I , or each of the 

CH,(OH) 
hydroxyls is in combination with a different carbon atom. 

All attempts to make the isomeric di-acid alcohol correspond- 
ing to ethylidene chloride, and having both hydroxyls in combi- 
nation with the same carbon atom, as represented iu the formula 
CH{OH,) 
I , have failed. Instead of getting ethylidene alcohol, 

aldehyde is generally obtained. Aldehyde ia ethylidene alcohol 
minus water : — 

CH(OH), CHO 
I = 1 +H,0. 

CH3 CHj 

It is believed that one carbon atom cannot, under ordinary 
circumstances, hold in combination more than one hydroxyl 
group. If this is true, then ethylidene alcohol cannot be pre- 
pared any more than our hypothetical carbonic acid, CO < , 

eau be. So, too, the simplest di-acid alcohol conceivable, 
viz., methylene alcohol, CH2(OH)3, cannot exist, but would 
break up, if formed at all, into water and formic aldehyde : — 

CH,(OH)j= H^ + H.CHO. 

(See discussion regarding the transformation of alcohol into 
aldehyde, pp. 64-66.) 
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Ethyl alcohol, as was pointed out, may bo regarded either as 
ethane in which one hydrogen ia replaced by hydroxyl, or aa 
waf«r in wliieb one hydix^en is replaced by the radical C2H5, or 
ethyl. Ethyl, like all the radicals contained in the moo-acid 
alcohols, ia univalent. It is ethane less one atom of hydrogen, 
just as methyl is methane less one atom of hydrogen. Each 
has the power of imiting with one atom of hydrogen, or another 
unii-alent element, or of taking the place of one atom of 



If we take away two atoms of hydrogen from methane and 
ethane, we have left the residues or radicals CHj and C2H4. 
These can unite with two atoms of hydrogen, or take the place 
of two atoms of hydrt^en, and thej- are hence called bivalent 
radicals. 

Just as ethylene alcohol may be regarded aa ethane in which 
two hydrogen atoms are replaced hy hydroxyls, so it may be 
regarded as water in which the bivalent ra^lical ethylene re- 
places two hydrogens belonging to two different molecules of 
water : — 






0<„ n^H 



ElbyleDs idMbal. 



The higher members of the series of di-acid alcohols will not 
be considered here. 

2. Dibasic Acids. 

Just as there are di-aoid alcohols derived from the paraffins, 
so there are dibasic acids which may also be regarded as deriva- 
tives of the paraffins. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
caj'bonic acids ; that tliey may be regarded as derived from the 
latter by replacement of a hydroxyl by a radical, or as derived 
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fi-om the paraffins by the introduction of the group carboxyl, 
CO^. The coaditioDS existing in this groap arc essential to 
the acid properties. If two carboxjls be introduced into marsh 
gas, we would have a substance of the formula CHa(COjH)s, 
and this is a dibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid and neutral 
ealta, like other dibasic acids. It may be regarded also as 
derived from two molecules of carbonic acid by the replacement 
of two hydroxyls by the bivalent radical CH, : — 



^OH 






The general methods of preparation available for the building 
up of the series of dibasic acids are modifications of those used 
in making the monobasic acids. Tbey are : — 

1. Oxidation of di-acid priTnary alcohols. Just as a mon- 
acid primary alcohol, R.CHaOH, yields by oxidation a mono- 
basic acid, so a di-acid primary alcohol, R"(CHjOH)j, yields a 
dibasic acid, R"(COiH)s. 

2. Treatment of the dicyanides, E"(CN)j, with caustic aXkaliea. 

3. Oxidation of the so-called }iydmxj/-acids or alcohol acids. 
These are compounds which are at the same time alcohol and 
acid ; as, for example, hydroxy-acetic aeid, which ia acetic acid 
in which one of tiie hydrogen atoms of the hydrocarbon residue, 
methyl, has been replaced by hydroxyl, as represented in the 

CHjOH 
formula I . When this is oxidized, the alcoholic portion, 

CO,H 
CHjOH, is converted into carboxyl, and a dibasic acid is formed, 
i. From the cyanogen derivatives of the monobasic acids, 
ench as cyan-acetic aeid, CH^ "^ ro H' ^^ ^^^ transfoimation of 
the cyanogen group into carboxyl. 
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DIBASIC AGIOS, CnHj„ jO,. 

Oxalic acid (COjH),. 

Malonic " CHo{CO,H)i. 

Succinic " CiH,(C02H)j. 

Pjrotartaric •' CaH9(C0aH)a. 

Adipio " CJIa(COaH),. 

Pimelic " C^„(COaH)s. 

Suberic " C«H,i(CO^)j. 

Azelaio " C,Hi,(COjH),. 

Sebacic " C8Hi9(CO,H),. 

Brasaylic ." C3Hi8(C02H),. 

Eoceellic » C,Jl3o(COjH}j. 



Of the many acida included in tbis list only four or five can 
be said to be well known. We may confine our attention to the 
first four members. 

Oxalic aoid, CiHjOKOOjHlj]. — In one sense, according to 
the accepted definition, oxalic acid is not a member of the series 
with which we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxylB by a bivalent radical. Still it is in other respects 
BO closely allied to the members of the series, and has so many 
things in common with the other members, that it would be a 
mere act of pedantry to consider it in any other connection. 

Oxalic acid occurs very widely distributed in Nature ; as in 
certain plants of the oxcdis varieties, in the form of the acid 
potassium salt ; as calcium salt in many plants ; in urinary 
calculi ; and as the ammonium salt in guano. 

It is formed by the action of nitric acid upon many oi^anic 
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aabstances, particularly the different rarieties of sugar and the 
so-called carbohydrates, such as starch, cellulose, etc. 

Expeiimeut 34. In a good-sized flasb pour half a litre of ordinary 
couceDtrated nitric acid (of specific gravity 1.245) upon StK of augar. 
Heat gently until t|ie reaction begins. Then withdraw the tiaine, when 
the oxidation will proceed with some violence, and accompanied by 
a copious evolution of red fumes. When the action has ceased, 
evaporate the liquid to one.sixth the original volume, and let It 
cool, when oxalic acid will crystHllize oat. Reciystallize from water 
the acid tliiis obtained, and with the pure Bubstonce pei'form such ex- 
periments as will exhibit Its properties. For example, (1) Heat a 
specimen at 100°, and notice loss of waterj (2) Heat some in a smjll 
flask with sulphuric acid, and prove that both oxides of carbon are 
formed. 

On the large scale, oxalic acid is made by heating wood 
shavings or saw-dust with caustic potash and caustic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaporated to crystallization, when sodium oxalate ia de- 
posited. 

Other methods, which are interesting from a purely scientific 
stand-point, are the following : — 

1. The spontaneous transformation of an aqueous solution of 
cyanogen ; — 

CN COiH 

1 -F4HaO= 1 + 2NH,; 
CN COaH 

CN C0f{NH4) 

or, really, | -f- 4 HjO = | 

CN COjCNH^) 

2. Treatment of carbon dioxide with sodium : — 

2 COj -t- 2 Na = CANaj. 

3. Heating sodium formate : — 

SH.COjNa = CANa, + 2H. 
Oxalic acid crystallizes from water in monoclinic prisms cod- 
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tainiDg two molecules of water (CjHjO, + 2HiO). It loses 
this water at 100°. It sublimes without decomposition at 150" 
to 160°, but, if heated higher, it breaks up into carbon monox- 
ide, carbon dioxide, and foimic acid : — 

2 C^A = 2 CO, + CO + HCOjH- + H,0. 
Sulphuric acid decomposes it into carbon monoxide, carbon 
dioxide, and water. Heated with glycerin to 100°, carbon 
dioxide and formic acid are formed (Bee Formic Acid) : — 

CjHA = CO, + H.COjH. 
It is ED excellent redncing agent, and is used as a standardlzer 
in preparing solntions of potassium permanganate. 

Experiment SS> Try tlie actloa of a solution of potassium per- 
manganate ou a solution of oxalic acid. Why is it best to have tlie 
solution of the permanganate acid? 

Oxalic acid is an active poison. It is used in calico pnuting. 

SaUa of oxalic acid. Like all bibasic acids, oxalic acid forms 
acid and neutral salts with metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon are the acid potassium salt, C,0,flK, which is found in the 
Borrels or plants of the oxalis variet}' ; the ammonium salt, 
CiOiiNH,)^, of which some urinary calculi are formed ; and 
calcium oxalate, CeOjCa, which, beiug insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of magnesium . 

Malonio a«id, OiH^OiC- CHi(CO,H),] — This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malonic acid. It can best be made by starting witli 
acetic acid. The necessary steps are : (1) making chlor-acetic 

acid ; (2) transforming chlor-acetic acid into cyan-acetic acid ; 
(3) heating cyan-acetic acid with an alkali. 

Note for Stddbnt. — Write tjie equations representing the three 
steps mentioned. 
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It ia a solid which crystallizca in lainiase. It breaks up at a 
temperature above 132°, which is its melting-poiot, into carboo 
dioxide and acetic acid ; — 

CHs<^^^ = CH,.COsH + CO,. 

Note for Student. — What simple method for tJie preparation of 
marsh gas and other parafflDS ia this reactlOD anologoua tat 

Sucoinic acida, C,H,04[= CsH,(COsH)s]- — Considering 
these acids as derived from ethane by replacing two hydrc^ens 
with carboxjl, we see that there may be two corresponding to 
ethylene and ethyhdene chlorides. Two are actually known. 
One is the well-known succinic acid; the other ia called iso- 
Gocid. 



CH5.CO,H 
Suocinlo ooid, Ethylene succinic acid, I . — 

CH,.CO,H 
This acid occurs in amber (hence its name, from Lat. succinum, 
amber) ; in some varieties of lignite ; in many plants ; and in 
the animal organism, aa in the urine of the horse, goat, and 
rabbit. 

It is formed under many circumstances, especially by oxida- 
tion of fats with nitric acid, by fermentation of calcium malate, 
and, in small quantity, in the alcoholic fermentation of sugar. 
Among the methods for its preparation are : — 

CHj.CN 

1. Treatment of ethylene cyanide, | , with a caustic 
alkali:— CH,.CN 

CH^N CH^.COJt 

I + 2 KOH -I- 2 H5O = I -1-2 NHj. 

CHjCN CHj.COjK 

2. Similarly, by treatment of ^-cyan-propionic acid with an 
alkali. (What is ^-cy an -propionic acid ?) 

3. ReductioQ of tartaric and malic adds by means of 
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hydriodic acid. These well-known acids will be sliown to be 
closely related to succinic acid, and the reaction here mentioned 
will he explained. The methods actually used in the prepara- 
tion of Buccinic acid are: (1) the distillation of amber, and 
(2) the fermentation of calcium malat«. 

The acid crystallizee iu monoclinic prisms, which melt at 
180° (try it). It boils at 235°, at the same time giving off 
water, and being converted into the anhydride : — 

Among the salts ferric succinate, C,H,0,.Fe(OH), is of 
special interest, as it is entirely insoluble in water, and may 
therefore be used for the purpose of separating iron from 
manganese quantitatively. 

ExperlmeDt 36. Make a neutral solDtion of ammonium succinate 
bj neutraliziug an aqueous solution of the acid, and boiling off all 
escesa of ammonia. Add some of this solution to a solutiou known to 
contain manganese aiid iron in the ferrlu state. A browu-red precipl- 
tat« will be formed. Filter and wash, and examine the filtrate for iron. 

CH{CO,H), 
Isoaaocinic acid, Ethylldene sucGiniG acid, I 

CH, 
This acid is made by treating a-eyan- prop ionic acid with an 
alliali. (What is a-cyan-propionic acid?) 

IsoBUccinic acid forma crystals which melt at 130°. Heated 
to 150° it breaks up into propionic acid and carl>OQ dioxide ; — 
CH(CO^)t CHa.COjH 
I =1 -I- CO,. 

CH» CHa 

IWBDcclliIc Hdd. Propionic add. 

NOTR FOR Student. — Notice carefully the difference between the 
two succinic acids, as shown by their conduct when heated. What Is 
the difference? 

Acids of the formula CsHjOJ^ CaH5(COjH),]. — Four 
acids of the formula CsHgO, are known, only one of which, 
however, need be considered here. This is, — 
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CH,.CH.C03 ^ . :,. 

Pyrotartartic acid, I - — As the aame inai- 

CH.;.COjH 
cates, this acid is made by heating tartaric acid. The reactions 
which take place are complicated, and cannot well be represented 
by equations. The reactions which point to the above formula 
are also eomparatiyely complicated, and their discussion at this 
time would tend only to confuse the student. 



Tei-acid Alcohols. 
The existence of mon-acid alcohols corresponding to the 
mon-acid bases, like potassium hydroxide, and of di-acid alco- 
hols corresponding to the di-aeid bases, like calcium hydroxide, 
suggests the possible existence of tri-acid alcohols correspond- 
ing to tri-acid basea, like ferric hydroxide. There is only one 
alcohol of tins kind derived from the paraffin hydrocarbons that 
is at all well known. This is the common substance glycerin. 

Q-lyoerin, OjHbOs. — As has been stated repeatedly, glycerin 
occors very widely distributed as the alcoholic or basic conatit^ 
uent of the fats. The acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., ol^e 
acid, which is found frequently, is a member of another series. 
Besides oleic acid, the two acida most frequently met with in 
fats are palmitic and stearic acids. When a fat is saponified 
witli caustic potash, it yields free glycerin and the potassium 
salts of the acids. The reactions in the case of the glycerin 
compounds of palmitic and stearic acida are these : — 

Formation. 
rOH HO.OC.C1.H3, fO.CO.CuHji 

CjH. ] OH -I- HO.OC.CuHa, = CjHj ] O.CO.CijHs, + 3 HjO. 
(oh HO.OC.CuHji (o.CO.CuH^i 
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f OH HO.OC.CijHa, rO.OC.C„H» 

CWsjOH + HO.OC.CirHj, = C^hJCOCCitHj, + 3H^. 
(oh HO.OC.C„Hj, (o.OC.CijHa 



fO.OC.Ci^s, 
C,hJ O.OC.C^I,, + 3K0H = C3H.(OH)3 + 3CuH3,.CO,K. 

(.O.OC.CuHj, Glywrin. Fotaulnm palmttite. 

E'AlnilUii. 

rO.OC.CijHs, 
CbHJ O.OC.C„Ha, + 3K0H = C5Hs(OH)3 + 3C„Hj,.C0jK. 

(O.OC.C„Hm GlyMrtB. P(.l«.lura,l«™t.. 

The fats are also decomposecl by SDperheated steam, yielding 
free glycerin and the free acids, and this method is used on the 
lai^e scale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding a mixture of glycerin and 
the lead salts of tbe acids. The mixture is known ia medicine 
as "lead plaster." 

Glycerin is formed in small quantity by the alcoholic fermen- 
tatioQ of sugar. 

It has been made synthetically from propylene chloride, 
CaH^lj. The necessary steps are : (1) treatment with chlorine, 
giving CaHjCIa ; (2) treatment of the tri-chlorine derivative 
with water, tims I'eplacing the three chlorine atoms by hydroxyl. 

Glycerin is a thiclc colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts moisture flrom the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
at 17°. Under diminished pressure it can be distilled ; but, if 
heated to its boitiMg-point under the ordinary atmospheric pres- 
sure it undergoes decomposition. It is volatile with water 
vapor. 
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Experiment 37> Heat a little glycerin In a. dry vessel, and ti7 to 
boll It. What evidence have you that It UDdergoes dccomposltiou? 
Put 20™ to 30" glycerin in 400"= to 500^' water In a flask ; connect with 
a condeuser, and boll. Prove that glycerin passes over with the water 

The reactions of glycerin all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced successively 
by chlorine, giving the compounds, — 

CM(yrhydHn, CH. { 9jjj, ; 

DuMorhydHn, C^Aq^\ 
and Trichlwhydrm, CsHjCl,, 

which last compound is propane in which three hydr<^n atoms 
are replaced by chlorine, or trichlorpropane. 

(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetyl chloride these reactions take place : — 

(OH fO.CjHsO 

1. C^.JOH + CiHgO.Cl =C5H5JOH + HCl. 

(oh (oh 

r OH r OCsHaO 

2. CjH, ] OH + 2 CjHsOCl = CgH, ] OCjHjO + 2 HCl. 

(oh (oh 

rOH (OQiHsO 

3. CjHs] OH + saHaOCl = CjH,] OCjHsO + 3 HCl. 

(oh (oCjHsO 

In regard to the relations of the hydroxy! groups to the parts 

of the radical CsHj, we have very little experimental evidence, 

though it appeal's highly probable that each hydroxy! is in 

combination with a different carbon atom as represented in the 

CH,OH 

formula CHOH . 



CH,OH 
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Id the first place, ne have seen above that compoands con- 
tuning two bjdroxyls in combination with the same carbon 
are not readily formed, if they are formed at all, and we have 
had some reason for concluding that this kind of combination 
is impossible. It would follow from this that the simplest tri- 
acid alcohol must contain at least tbree atoms of carbon, just 
as the simplest di-acid alcohol must contain at least two atoms 
of carbon. We have seen that the simplest tri-acid alcohol 
known does contain three atoms of carlion. 

CHjOH 

Farther, if the formula of glycerin is CHOH , it contains two 
CHjOH 
primary alcohol groups, CHjOH, and we have seen that this 
group is converted into carboxyl under the influence of oxidiz- 
ing agents. Therefore, we would expect by oxidizing glycerin 
CO,H CO,H 

to get products of the fonnuhis, CHOH , and CHOH, Such prod- 

CHjOH CO,H 

ucta actually are obtained, the first being glyceric add (whidi 
see), and the second tartronw acid (which see). 

Just as ethyl alcohol is regarded as water in which one 
hydrogen is replaced by the univalent radical CaH,, as V [ O ; 
and glycol is regarded as water in which two hydrt^en atoms 
of two molecules of water are replaced by the bivalent radical 

^ >0 
C(H4, as C,Hi ; so also glycerin may be regarded as water 

H ^" 
in which three hydrogen atoms of three molecules are replaced 

by the trivaient radical CJIj, thus : — 



H.OH 


(OH 


H.OH 


C^. ) OH. 


H.OH 


COH 




GlywTln. 
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Bthereal ealte of fflyoerin. — Among the importaDt 
ethereal salts of glycerin are the nitTotes. Two of these are 

rO.NO, 
known ; viz., the mono-nitrate, C,Hj J OH , and the tri-nitrate, 

I OH 
C3Hj(ONOj)3, the latter being the chief constituent of nitro- 
glycerin. Nitro-glycerin is prepared by treating glycerin witli 
a mixture of concenti'ated sulphuric and nitric acids. It is a 
pale yellow oil which is insoluble in wat«r. At —20° it 
crystallizes in long needles. It explodes very violently by 
concussion. It may be burned in an open vessel, but if heated 
above 250° it explodes. Dynamite is infusorial earth impreg- 
nated with nitro-glycerin. Nitro-gljcerin is the active constitu- 
ent of a number of explosives. 

Fata. — The relation of the fats to glycerin has already been 
stated. Here it will be necessary only to mention the composi- 
tion and characteristics of some of the more common fata. 

Most fats are misturea of the three neutral ethereal salts 
which glycerin forms with palmitic, stearic, and oleifc acids, 
and which ai'e known by the names palmitin, stearin, and oMn. 
Olein is liquid, and the other two fats are solids, stearin having 
the higher melting-point. Therefore, the larger the proportion 
of oleiin contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its meltjng-point. Among the 
fats which arc particularly rich in stearin may be mentaoucd 
mutton tailow, beef taUow, and ta^-d. Human fcU and pa^m oil 
are particularly rich in palmitin. Sperm oU and cod-liver oil 
are rich in oleiin. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids: myristie, palmitic, and stearic acids, which are not 
volatile, and butyric, caproic, caprylic, and capric acids, which 
arc volatile witli wat«r vapors. All the acids mentioned are 
members of the fatty acid series. Some of these ac'ids are 
soluble and some are insoluble in water. The percentage of 
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insoluble fatty acida contaiaed in butter has been found to b(> 
88 per cent. As the proportion of insoluble fatty acids con- 
tained in artificial butters, such as the so-called oleo-margarin, ' 
is greater than that contained in butter, it is not a difficult 
matter to distinguish between the two by determining the 
amount of these adds contained in them. 

Tbt-basic Acids. 
There is but one acid to be considered under this head. It 

Tri-oarbaJlylio acid, CHslCOiH),. — This acid may be 
made from tricblorhjdrin, CgHsCla (which see), by replacing 
the chlorine by cyanogen, and heating the tricyanhi/drine thus 
obtained with an alkali. It may lie made also by treating 
aconiljc acid (which see) with nascent hydrogen. 

It crystallizes from water in rhombic prisma which melt at 
157° to 158°. 

TETR-ACn) Alcohols. 

Brythrite, C4HuiO.[=0,Hs(OH),). — This substance occurs 
in one of ttie algas {Protococcua vtiigaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has a very 
sweet taste. The fact that the simplest tetr-acid alcohol con- 
tains four atom« of carbon should be noted specially. 



There is no tetra-basic add derived from the hydrocarbons of 
the paraffin series. 

Pent- ACID AicoHots. 
Only one substance need be considered under this head, and 
even this one is rare. It is, — 

Quercite, C^,{OH)s. — Qnercite is formed in acorns. It 

crystallizes in prisms from its solutions in water. 



HEX-ACID ALCOHOLS. 

No penta-bask acid belonging to this series 



Hex-acid Alcohols. 

There are two isomeric bex-acid alcohols known. Both are 

derived from bexauc, and have ttie compositioa represented by 

the formula CsHj(OH)j, It will be noticed that these hex-add 

alcohols contain six carbon atoms each. 

Mannite, 0(Hs(OH)s. — Mannite is widely distributed in 
the vegetable liingdoin. It occurs most abundantly in manna,' 
which is the partly dried sap of the manna-ash (_Fraximts 
omua). It 13 obtained from incisions in the bark of the tree. 

Mannite is formed in the lactic acid fermentation of sugar. 
It is formed also by the action of nascent hydrc^en on glucose 
and cellulose, or on inverted cane sugar. This indicales a close 
relationship between the sugars and mannite. Mannit« crystal- 
lizes in needles, or rhombic prisms, which are easily soluble in 
water and in alcohol. It has a sweet tast«. 

Nitric acid converts mannite into saccharic acid (which see). 
When boUed with concentrated hydriodic acid, it is converted 
into secondary hexyl iodide, C(HjgI. 

Mannite heza-nitrate (nitro-mannite), GaHe(O.NOi)s, is 
fonned by treating mannite with a mixture of concentrated 
sulphuric and nitric acids. It is a solid substance and is very 
explosive. (Analogy with nitro-glycerin.) 

Uannite hex-acetate, CgHs(O.C,H,0)«, is formed by treat- 
ing maanite with acetic anhydride. Its formation, as well as 
that of the hcxa-nitrate, shows that mannite is a hex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride is 
sometimes used instead of acetyl cliloride. In some cases in 

ed from the biuiflhH of Tammarlx ffoUica. 
iLmllBT properUw. 
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which the latter will not work, the former answers Tcry well. 
Hence acetic anhydride has come into use as a reagent, which 
enables us to decide whether a substance under examination is 
or is not an alcohol; and, if it is, to which class (whetlier 
mon-acid, di-acid, tri-acid, etc.) it belongs. 

Diilcite, CtHsiOHlo, — This occurs in a kind of manna 
obtained in Madagascar, the source of which, however, is 
unknown. It is formed by treating sugar of milk or galactose 
with nascent hydrogen (compare with mannite in this respect) . 

Dnicite crystallizes in monoclinic prisms ; easily soluble in 
water and in alcohol. 

Nitric acid oxidizes dulcite, fonning tbwcj'c acid (which see), 
isomeric with saccharic acid, which is formed from mannite. 
Like mannite, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, CaHijI. With acetic anhydride it yields dvlcite 
hex-acetate, C,Hs(O.CsHsO)g. 



There are no hexa-basic acich known belonging to this series. 

Neither alcohols nor acids are known containing more than 
six alcoliolic or acid groups. We have, therefore, completed 
an account of the alcohols, acids, aldehydes, ethers, etc. , derived 
from the paraffin series of hydrocarbons. But we are not yet 
prepared to pass on to the next series of hydrocarbons. The 
compounds which up to this time have been considered belong 
to distinct classes. Each one, with very few exceptions, is 
cither an alcohol or an acid, an aldehyde or a ketone, etc. 
The few exceptions referred to are the acid ethereal salts, soch 
as ethyl-snlphnric acid, ' jIq > SO,, which may be regarded as 
both ethereal salt and acid at the same time, and the alcoholic 
ethei-eal salt«, corresponding to basic salts ; sach, for example, 
as glycerin mon-acetate, CjHj j ,„g, * , which may be regarded as 
ethereal salt and alcohol at the same Ume. Such com^unds 
may be called mixed, compounds. ciqitucd'bvGooylt! 



CHAPTER X. 

MIXED COMPOUNDS. -DEEIYATrVES OF 
THE PABAPPINS. 

Under this head are included such compounds as belong at 
the same time to two or more of the chief claaaee already con- 
sidered. Thus, there are substances which are at the same 
time alcohols and acids. There are others which are nt the 
same Idnie alcohols and aldehydes, alcohols and ketones, acids 
and ketones, etc. Fortunately, for our purpose, the number 
of compounds of this kind actually known is comparatively 
small, though among them are many of the most important 
natural compounds of carbon. The first class which presents 
itself is that of the oicoltol acids at acid alcohols; that Is, sub- 
stances which combine within themselves the properties of both 
alcohol and acid. They are commonly called oTfy-adds or 
hydroxy-acids. 

Hydroxy- ACIDS, CnH,„Oj, 

These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxyl has been introduced, or as moii- 
acid alcohols into which one cai-boxyl has been introduced. As 
their acid properties are more prominent than the akoliolic 
properties, they are commonly refeiTed to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of hydroxy- acids, each of which differs from the corres- 
ponding fatty acid by one atom of oxygen, or by containing one 
hydroxyl in the place of one hydrogen , thus : — 
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F*u; scldii. Hfdntiy-acldi. 

Formic acid . . . H.COjH HO.COiH. 



Acetic acid . . . CHj.COjH 



^OH 



Propionic acid . . CjHi.CO,H ^^^*<^^a' 
etc. etc. 

The first member of the series, wbich by analogy would be 
called hydroa^-formic acid, is notbiog but our ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of the next member of the series to acetic 
acid, it certainly has no properties in common with the alcohols ; 
but, owing to its peculiar structure, it is a bibasic acid which 
the other members of the series are not. Nevertheless, it may 
be referred to here for the sake of a few of its derivatives, 
which are somewhat allied to those of the hydroxy-acids proper. 



Carbonic a^id, HsCO,( CO <J;:^). — It is believed that 



.OH\ 

'^ OH/' 

this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble bibaeic acid, and 
breaks up into water and carbon dioxide whenever it is set free 
from its salts. We have seen that this instability is generally 
met with in compounds containing two hydroxyls in combina- 
tion with one carbon atom. 

Among the derivatives of carbonic acid which may be re- 
ferred to at this time are the ethereal salts. These may be 

1. By treating silver carbonate, C0< ^, with the iodides 
of alcohol radicals ; as, for example, — 

C0<°^8- 
OAg 

2. By treating the alcohols with earbonyl chloride, COClj: — 

COCl, + 2 C,H.OH = CO(0C,H,), + 2 HOi. 

C,q,t,=cdbvCOOglC 
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Ethyl chlor-oarbonate, 0O<qI,„. — This compound 
is made by treating alcohol with carbonyl chloride ; — 
" - HCl. 

It may be regarded as the ethyl salt of mono-chlor-formic 
acid, CI.COOH ; and, properly Bpeaking, should be caUed ethyl 
oil lor-formale . 

Carbon disulphide acts very much like carbon dioxide towards 
alkalies and alcohols, and thus a number of ether acids and 
ethereal salts containing sulphur may be made. Thus, when 
carbon disulphide is added to a solution of caustic potash in 
alcohol, a potassium salt of the formula CS< ' " is formed. 
This is called potasmum xantkogenate. The free xantbogenic 
acid is very unstable, breaking up into alcohol and carbon 
disulphide. The formation of tiie salt is represented by the 
following equation : — 

A similar salt made from ordinary amy! alcohol has been used 
for the purpose of destroying pkyUoxera, the insect, which is so 
destructive to grape-vines, particularly in the wine districts of 

France. 

General methods for the preparation of kydroxy-adds. The 
methods available for making the hydroxy-aoids are modiflca- 
tioDs of those used for making alcohols and acids. 

Starting from a mon-acid alcohol, we may make a hydroxy- 
acid by the same methods which we used in making an acid 
from a hydrocarbon. Suppose, for exam|>le, that we are to 
make acetic acid from marsh gas. The reactions which we 
make use of are ; (1) the preparation of a halogeu derivative ; 
(2) conversion of the habgen derivative into the cyanogen 
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derivative ; and (3) conversion of tlie cyaiw^en derivative 
into the acid. We describe the results of these operations by 
saying that we have introduced carboxyl. By similar opera- 
tions we may introduce carboxyl into methyl alcohol, and the 
product is hydrosy-acetic acid. 

It b, however, generally better to start from an acid and in- 
troduce hydroxyl. This maj- be done in sevei-al ways : — 

1. By treating a halogen derivative of an acid with water or 
Bilver hydroxide : — 



2. By treating an amido derivative of an acid witli nitrous 
acid (see page 98) : — 

AmidD-scetIc acid. 

3. By treating a avlphonic-add derivative of an acid with 
caustic potash : — 

CH,<SO.OH ^ j,oH = CH.<OH^ + KHSO,. 

Sulptaa-urUc uld. 

The first two of these reactions have been described and men- 
tioned as affording methods for the introduction of hjdroxyl 
into hydrocarbons. It will be seen that the only difference 
between the reactions used in making alcohols and those used 
in mailing hydroxy-acids is that in one case we start from the 
hydrocarbons, while in the other we start from the acids. 

Olycolic acid, hydrozy-aoetio acid, ozy-aoetio acid, 
OaHiOsf= CHj<p-^ y — Glycolic acid is found in nature in 
unripe grapes, and in the leaves of the wild grape {Ampelopsia 
hederacea) . 

D,q,l,=cdbvC00g[C 
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It may be made from glycocoll, which is amido-acetic acid 
(see reaction 2, above) , from brom- or chlor-acetic acid and 
water (see reaction 1 , above) , by the oxidation of glycol : — 

CH^OH COJI 

I +0,= I +HA 

CHjOH CHjOH 

GLjcol. Olycallc Mid. 

This consists in transforming one of the primary alcohol groups, 
CHbOH, contained in glycol into carboxyl. (What would be 
formed by conversion of both the primaiy alcohol gi-oups of 
glycol into carbosyl?) It may also be made by careful oxida- 
tion of ethyl alcohol with nitric acid. For this purpose a 
mixture of alcohol and nitric acid is allowed to stand until no 
further action takes place. 

Glycolic acid forms crystals which are easily soluble in water, 
alcohol, and ether. 

As an acid, glycolic acid forms a series of salts with metals, 
and ethereal salts with alcohol radicals. The latter, of which 
ethyl glyeolate may be taken as an example, may be made by 
means of one of the reactions usually employed for making 
ethereal salts ; for example, by treating silver glyeolate with 
ethyl iodide : — 

In thU reaction, as well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains unchanged. 

As an alcohol, glycolic acid forms ethers of which etkyt- 
glycolic acid, CH,<^'^, may sei-ve as an example. It will be 
seen that this is isomeric with ethyl glyeolate. But while the 
latter has alcoholic properties, the former has acid properties. 
Ethyl glyeolate is a liquid which boils at 160°. Ethyl-glycolic 
acid is a liquid which boils at 206° to 207°. Finally, as an 
alcohol, glycolic acid forma ethereal salts, of which acetyl- 
glycolie acid may sei-ve as an example. This is glycolic acid 
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in which the hydrogen of ttie hydroxyl is replaced by acetyl, 
CH, < ■ ' ' , bearing, as will be seen, the same relation to 
glycolic acid and acetic acid that ethyl acetate, CjHj.O.C^jO, 
bears to alcohol and acetic acid. 

Glycolic acid and the other acide of the same series lose 
water when heat«d, and yield peculiar anhydrideB, The product 
obtained from glycolic acid is known as glycolide. It has 
neither acid nor alcoholic properties, and is, therefore, be- 
lieved to be derived from glycolic acid as represented in this 



-OH 



Oljcolide. 



Glycolide is insoluble in cold water. When boiled for a long 
tjme with water, it is converted into glycolic acid. 

Lactic acida, hydroxF-pFopionic acids, oxy-propionio 
acids, CjH,0,f= C,H, < qq h)' "~ ^^ speaking of propionic 
acid, it was pointed out that two series of substitution -products of 
the acid are known, which are designated a& the a- and /^-series. 
Accordingly we would expect to find two hydroxy-propionic 
acids, the a- and the ,3-acid. Two laclJc acids have been 
known for a long time. One of these is ordinary lactic acid; 
the other a variety which is found in flesh, and hence called 
sarco-laclic ofAd. But, strange to say, a tboTOugh investigation 
of these two acids has proved that both must be represented by 
the same structural formula, as both conduct themselves in 
exactly the same way towards reagents. And, further, one 
other hydroxy- pi-opionic acid is certainly known, and even a 
fourth has been described. The facts then are these: tbree, 
and probably four, acids are known, all of which are hydroxy- 
propionic acids. Our theory enables us to foretell the existence 
of only two. Before discussing this discrepancy let ns briefly 
consider the acids themselves. 
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1- Lactic aoid, inaotivd ethylidene-lsctio acid, •-hy- 
droxy-propionic acid, OH3.CH < (-jQ CT- — Tlie chief method 
for makiog lactic acid consists in the fermcatatioa of sugar 
by the lactic-acid ferment. This process has ah^ady been 
described under the head of Butyric Acid. It is carried out 
beet by dissolving cane sngar and a little tartaric acid in 
wat«r; then adding putrid cheese, milk, and zinc carbonate. 
The object of the zinc carbonate is to prevent the solution 
from becoming acid, as the presence of free aoid is fatal to the 
ferment. The sugar is converted first into glucose, CjHuOg; 
and this then breaks up into lactic acid : — 

It will be remembered that by continued action of the ferment 
on the lactic acid, butyric acid is formed (see Butyric Acid), 
liactic acid may be made also by fermentation of sugar of 
milk, and is hence contained in sour mUk ; by boiling a-chloi- 
propionic acid with alkalies, — 

-^^ -^KCI; 

and by treating alanine (a-amido-propionic acid) with nitrous 
acid, — 

CH..CH < ™'^ + HNO, = CHj.CH < ^^^ + N, + H^. 

Lactic acid is a thick liquid which mixes with water and 
with alcohol in all proportions. 

Treated with hydriodic acid, it is reduced to propionic acid. 
Treated with hydrobromic acid, it yields a-brom-propionic acid. 

2. Sar co-lactic acid, active ©thylidene-laetic acid, 
CHa .CH < ^j?TT- — T^iii^ acid occurs in the liquids expressed 
from meat. It is therefore contained in " extract of meat," 
and may be obtained moat readily from this source. 



162 DERIVATIVES OF THE PARAFFINS. 

It» properties are, for the most pert, like those of inactive 
lactic neid, and ite conduct towards reagento is in all respects 
tlie same. Its salts are somewhat more easily soluble thao 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the action towards polarized 
light. Active lactic acid turns the plane of polarization to the 
right. It is dextro-rotatory. Its salts are all lievo-rotatory. 
On the other hand, neither inactive lactic acid nor its salts 
exert any action upon polarized light.' 

3. Hydraorylic acid, 1 CHjOH 

p-Hydroxy-propionic acid, J CH,.CO,H* 
Hydracrylic acid is made by boiling /3-iodo-propionic acid with 
water or silver oxide and water : — 

CHJ CHj.OH 

I + HHO =1 + HI. 

CHa.CO^H CHs.CO^H 

CH, 
It is made also by starting with ethylene, i . When this 
CH, 
hydrocarbon is treated with hypochlorous acid, HOCl, it is cou- 

CHjCl 
verted into ethylene-chlorhydrine, | (which see), which 

CHjOH 
may be made by treating ethylene alcohol with hydrochloric 
acid: — 

CHaOH CHaCI 

[ + HCl = I + HjO. 

CHjOH CHjOH 

By replacing the chlorine with cyanc^en, and boiling the cyan- 
CHjOH 
hvdrine, I , thus obtained, with an ailtali, hydracrylic acid 

CHjCN 
is obtained. 

These reactions clearly show that hydracrylic acid is an 
ethylene compound, and, as it is made fi-om j3-iodo- propionic 
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acid by replacing the iodine with hydroxyl, it follows farther 
that the y3- substitution -products of propionic acid are ethylene 
prodncta, and that the n-products are ethylidene producte (see 
p. 131). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. When heated, it 
loses water and is transformed into acrylic acid, CHj.CH.COaH 
(which see). 

The difference in conduct between ethylidene-lactie acid and 
ethylene-1 actio acid, when heated, is interesting and suggestive. 
When ethylidene-lactie acid is heated, both its acid and alco- 
holic properties are destroyed, both the alcoholic and acid 
hydroxyla taking part in the reaction. Whereas, when ethyl- 
ene-lactic acid is heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

4- Ethylene-lactic acid. — A fourth hydroxy-propionic 
acid, called ethylene- lactic acid, has been described as occur- 
ring in meat. There appears, however, to be some little doubt 
in regard to its existence. 

Without reference to the fourth doubtful lactic acid, the fact 
remains that there are more hydroxy-propionic acids known 
than our theory can account for. Other cases of this kind are 
known, and one very marked and especially interesting one 
will be referred to when tartaric acid is considered. It will be 
shown that just as there is an active and an inactive lactic acid, 
so there is an active and an inactive tartaric acid, which con- 
duct themselves in the same way towards reagents, and must 
hence be represented by the same structural formula. 

Apparently we have here to deal with a new kind of isome- 
rism. Bodies may conduct themselves chemically in exactly 
the same way, and yet differ in some of their physical proper- 
ties, as in their action towards polarized light. To distinguish 
this kind of isomerism from ordinary chemical isomerism it is 
c&lied physicoi isomerism. 
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An iugenious hypotheBia has been put forward by way of 
explanation of that pai-ticular kind of phyaicnl isomerism which 
shows itself in the action of componuds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and groups in 
space. They indicate ckemicai relations which are discovered 
by a study of chemical reactions. At present, it is hazardous 
to indulge in speculadona regarding the relations of the parts 
in space, and, while the hypothesis which is to be explained 
briefly is ingenious and interesting, the student should be careful 
not to be carried away by it. He should remember that it is 
only a thoi^ght. 

Let us suppose that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedron, and Hiat the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron as represented in Fig, 10. 

If these groups are all different in kind, and only in this 
case, it is possible to arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange- 





Ftg.10. 



ments is that which is observed between either one and its 
reflection in a mirror. Imperfectly the second arrangement of 
the figure above represented is shown in Fig. 1 1 . 

A carbon atom, in corabinatjon with four different kinds of 
atoms or groufa, is called an ast/mmetrical carbon atom. 
Whenever, therefore, a compound contuos an asymmetrical 
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carbon atom, there are two [wesible arrangements of ita pai-te 
in space which correspond to the two complementary tetra- 
hedrons, viz., the ri^kt-handed and the lefl-kanded tetrahedron. 
In ethylidene lactic acid there is an asymmetrical carbon atom, 
as shown by the ordinary formula, which may be written thus : 
H 

CHj — C — OH, the central carbon atom appearing in combination 

CO,H 
with (1) hydrogen, (2) hydroxyl, (3) carboxyl, and (4) methyl. 
Hence, according to the hypothesis just stated, there ought to 
be two possible arrangements of the parts of a compound 
containing this group, one corresponding to the right-handed 
tetrahedron, the other to the left-handed tetrahedron. Both 
would be etkylidene-lactiG adds. Thus we have at least a 
plansible explanation of the existence of two etliylidene -lactic 
acids. 

Note fob Student. — Has active amjl alcohol an asymmetrical 



There are several hydroxy-butyric and valeric acids known, 
but they need not be considered here. 



HyDBOXI- ACIDS, CnHinO,. 

The acids just considered may be called monohydroxy-mono- 
basic acids. Similarly, there are dikydroxy-monobaaic acids, 
which may be regarded as derived from the monohydroxy-acids 
by the introduction of a second hydroxy!. Thus, if into lactic 

acid, CH,.CH< ' , a second hydroxyl be introduced, the 

CH,.OH 
product would have the formula CH.OH- This is the best 

COjH 
known dihydroxy-mouobasic acid of the paraffin series. 
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/ CHjOH, 
Glyceric acid, C!3H.oJ = OHOH I — Thia acid has been 

V C0,H ' 
referred to as the first prodnct of the oxidation of glycerin. It 
ia prepared b,v allowing glycerin and nitric acid to stand tf^cther 
at the ordinary temperature for some time, and tlieti heating on 
the water-bath. It may be made also by treating one of the 
chlor-lactic acids with water. 

Note fob Student. — Explain this reaction. 

Glyceric acid is a thick syrup which mixes with water and 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into ^-iodo-propionic acid. This < 
Involvea two reactions : — 

CHjOH CHjI 

I I 

(1) CHOH + HI = CHOH + H,0, and 

I I 

CO^ COjH 

CHJ CHJ 

I I 

(2) CHOH + 2 HI = CH, + HjO + 2 1. 



Hydroxy- AC1D8, C„H(„_tOs. 

The acids included under this head are tnonohydroxy-dibasic 
acids. They bear the same relation to the dibasic acids of the 
oxalic acid series that the simplest hydroxy-acida bear to the 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are 
tartronic acid and malic acid. 
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Tartronic acid, C3H,0,(=CH10H)< ^Jg). — This acid 
is prepared by an indirect metiiod from tartaric acid. It may 
be made, — 

(1) By Iwiling brom-malonic acid with silver oxide and 
water : — 

(2) By treating brom-eyan-acetic acid with caustic potash : — 
CHBr<^^^+ 2 KOH + H^ 

= CH(OH) <^'^ + NH, + KBr. 

Tartronic acid is a solid which crystallizes in prismatic crystals. 
It is easily soluble in wat«r, alcohol, and ether. It melts at 
182°. At 155° it gives off carbon dioxide and water, and is 
converted into glycolide (which see) : — '/ .■ 

(1) CH(OH)<CO=H.CB.<OH_jj + CO.. 

GlytoUo acid. 

OH O 

(2) CH.<^" =CH,< I +HA 

oJrcoUdB. 
Note for Stddent. — Compare reaction (1) with that which takes 
place when iso-succlnlc acid is heated, and note the analogy, 

Hydroxy-suocinic acids, CiHsOs/=C5H,(OHKp^'^\ — 
Tliree hydroxy-succinic acids have been described, the principal 
one being ordinary malic acid. 

/ CH(OH).CO,H\ 
Malic acid, C^HsO^ = 1 ]. — This acid is very 

widely distributed in the vegetable kingdom, as in the berries 
of the mountain ash, in apples, cherries, etc. 
It is beet prepared from the berries of the mountain ash 
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which have not quite reached ripeness. The berrieB are pressed 
and Itoiled with milk of lime. The acid passes into solution as 
the calcium salt, and tbis is purified by crystallization. 

It may be made also by treating aspartic acid, which is amido* 
succinic acid, CjHslNH,) <p~'„i with nitrous acid, and by treat- 
ing tartaric acid with hydriodic acid. This latter reaction will 
be explained when tartaric acid is considered. Tartaric and 
malio acids are closely related to each other, and l>oth are 
related to succinic acid, as will appear from the reactions. 

Malic acid is a solid substance which crystallizes with diffi- 
culty. It is very easily soluble in water and in alcohol. Its 
solutions turn the plane of polarization to the right or to the left, 
according to the concentration. 

When heated it loses water and yields either fumaric or 
maleic acid (which see) , according to the temperature. These 
acids are isomeric, and both are represented by the formula 
CiHj< ' . The reactiou mentioned is represented by the 
following equation : — 



Note for Stdiibnt. — Compare this reaction with that which takes 
place when hydracryllc acid ia heated, and note the analog;. 

Wliea treated with hydriodic acid, malic acid is reduced to 
succinic acid. 

HOTB FOH Student. — Compare this reaction with tlie conduct of 

lactic and glyceric acids when treated with hydriodic actd. 

Treated with hydrobromic acid, malic acid is converted into 
mono-brom- succinic acid. 

The reactions just described show clearly that malic acid is 
hydroxy -succinic acid. Nevertheless, if hydroxy-succinic acid 
be made by treating brom-succinic acid with silver oxide and 
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water, the product is not ideatical with ordinary malic acid, 
though the two reBemble each other very closely. The acid 
thus obt^ned is — 

Inactive malio acid, C,H3(OH)<5q'5- — Inactive malic 
acid may be made not only by the method first mentioned, but 
by several others, which indicate that the relation between it 
and succinic acid is that expressed in the formula given. It, 
like ordinary malic acid, is unquestionably a hydrosy-succinic 
acid, and both are derived from ordinary succinic acid. 

Other reactions for the preparation of inactive malic acid 

(1) By treating dictilor-propionic acid with potassium cyanide, 
and boiling the product with caustic potash ; — 

CH^l.CHa.CO^ + KCN 
CHjCN 
= 1 +KC1; 

OHCl.COiH 

CH,CN 

+ 2 KOH + Hi^ 



CHCl.COjH 



CHj.CObK 



CH(OH).COiH 

(2) By heating fVimaric acid with water ; — 

(3) By reduction of racemic acid with hydriodic acid. Ra- 
cemic acid has the same composition as tartaric acid. The 
latter, when treated with hydriodic acid, yields active malic 
acid. 

The properties of inactive malic acid are very much like 
those of active malic acid. As regards their chemical conduct 
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they are almost identical. The principal difference between 
them is observed in their conduct towards polarized liglit. 
They present a new case of physical isomerism of the same 
kind as that referred to in connection with the lactic acids 
(which see). The same hypothesis may be applied to this 
case, for malic acid contains an asymmetrical carbon atom, as 
will be seen by writing the formula in this way : — 

H 

I 
CO^-C-OH. 
I 
CHa.COjH 

HtDBOXY- ACIDS, CnH,B_aO(. 

These are di-hydroxy-dibasic acids. The chief members of 
the group are mesoxalic acid and the different modifications 
of tartaric acid. 

MesoiaUo acid. C,H,o/=C(OH),<2°'^. — This acid 
is obtained by indirect and rather complicated reactions from 
nrie acid (which see). It haa been made also by boiling di- 
brom-matonic acid with baryta-water. 

Note for Stusbnt. — Explain this reaction. 

The acid forms deliquescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to osalic acid, is formed : — 

C(OH),< ^^'2 = , +00,-1- H^. 
t,u^ COjH 

Qlyo.j-lic »cld. 

This acid affords an example of a very rare condition; viz., 
the existence of a compound in which two hydroxyls are in 
combination with one and the same carbon atom. 
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Di-hydroxy-aucoinio aoids, C.H80i= C,H,(OH),<z9^\ 

CH(0H).C03 
1. Tartaric acid, I . — Ordinary tartaric acid 

CH(OH).COiH 
occui-a very widely distribnted in fruite, aometiineB free, some- 
times in tbe form of tlie potassium or calcium salt; as, for 
example, id grapes, berries of the mountain ash, potatoes, 
cucumbers, etc., etc. 
It may be made by the following methods : — 

(1) By oxidizing sugar of milk with nitric acid; 

(2) Also by oxidizing cane sugar, starch, glucose, and other 
similar substances. , 

Tartaric add is prepared from "tartar," which is impure 
acid potassium tartrate. When grape juice ferments this salt 
is deposited. It is purified by crystallization, converted into 
the calcium salt by treating it with chalk, and the calcium salt 
then decomposed by means of sulphuric acid. 

The acid ciystallizes in large monoclinic prisms, which are 
easily soluble in water and alcohol. It melts at 135°. Its 
solution turns the plane of polarization to the right. 

Treated with hydriodic acid, tartaric acid yields first malic 
acid and then ordioary succinic acid : — 

(1) Cft(0H),<™'| + 2HI 

-CH,(OH)<™"JJ + H,0+I,i 

UbUc acid. 

(2) C^{OH) <co2"^^"' 
^C03 . 



While malic acid is mono-hydroxy-succinic acid, ordinary 
tartaric acid appears to be di-hydroxy-succinic acid. But, just 
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as we found that the malic acid prepared from mono-brom-suc- 

D G ac d B optically inactive, and therefore different from 
natural a tve malic acid, so too it has been found that the 
tartar c aci 1 prepared from di-brom-anccinic acid la optically 
nacti e and therefore different Itom ordinary tartaric acid. 
Ihe iclations between the natural and the ailificial acids will 
be considered more fully below. 

Tartrates. Among the salts the following may be mentioned 
specially : — 

Mono-potaasium tartrate, KH.C^HtOg. This b the chief 
constituent of tartar. In pure form, as used in medicine, it is 
known under the name of cream of tartar. 

Sodium-potassium tartrate, KNa . C.HjOg + i HjO. This 
salt crystallizes very beautifully. It is known as liodidle salt 
or Seignette salt. 

Cakium tartrate, Ca.CJIA + ^ HjO. This salt occurs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons. 

Potassium -antimonyl tartrate, K ( SbO ) . CJItO* + iHjO. 
This is known as tarlar emetic. It is prepared by digesting 
antimonic oxide with mono-potassium tartrate. It crystallizes 
in rhombic octahedrons. It loses its water of crystallization at 
100°, and at 200 to 220° is converted into an antimony potas- 
sium salt of the formula KSb.C^HA- 

2. Bacemic acid, 0,3^06 + HjO. — Racemic acid occurs, 
together with tartaric acid, in many kinds of grapes, and, on 
I'e crystallizing the crude fcnrtar, acid potassium racemate, being 
more soluble than the tartrate, remains in the mother liquors. 
Racemic acid is formed by boilii^ ordinai-y tartaric acid with 
water, or with hydrochloric acid. If taitaric acid be heated 
with water in sealed tubes at 175°, it ie almost completely 
transformed into racemic acid. It is formed further by oxida- 
tion of dulcite, mannite, cane sugar, gum, etc., with nitric 
acid. Jt, together with a third variety of tartaric add, known aa 
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inactive tartaric add, is Jbrmed when Mbrom-swximc acid is 
treated with silver oxide and water. 

Racemic acid differs from tartaric acid in many ways. It 
crystallizes differently, and contains water of crystallization. 
it is less soluble than tartaric acid. It produces precipitates 
in solutions of lime salts, while tartaric acid does not. Racemic 
add is optically inactive, while tartaric auid is dextro-rotatory. 
On the otiier hand, racemic and tartaric acids conduct them- 
selves towards most reagente exactly alike. 

Thus far the relations between racemic and tartaric acids 
appear very much like those which are observed between active 
and inactive lactic acids and between active and inactive malic 
acids. But there remains to be described an extremely inter- 
esting experiment, which throws new hgbt upon the relations 
between tartaric and racemic acids. 

When a solution of ammonium-sodium racemate, 

{NH^Na-CJIA, 
is allowed to evaporate spontaneously, beautiful large crystals 
are deposited. On examining these carefully, they are found 
to be of two kinds. On the crystals of one kind certain hemi- 
hedral faces are developed, while on the crystals of the other 
kind the complementary hemihedral faces are developed ; so 
that if a crystal of one kind is placed in front of a mirror, 
its reflection will represent the arrangement of the hemihedral 
faces met with on a crystal of the other kind. The ciystals 
may be separated into right-handed, or those which have the 
right-handed hemihedral faces, and hjl-kanded, or those which 
have the left-handed hemihedral faces. 

On separating the acid from the right-handed crystals it is 
found to be ordinary dextro-rotatory tartaric add; while the 
acid from the left-handed crystals is an isomeric substance 
called ImEO-rotatory tartaric acid. When these two varieties 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an elevation of temperature, and the 
resuUis racemic add. _ .-vCiOO^lc 
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We see thus that the inactive racemic acid cuosists of two 
optically active subatancea in combioatioii, one of which, ordinary 
tartaric acid, is dextro-rotatory, and the other Isevo-rotatory, 

Inactive malic acid has been resolved into two active vari 
eties, one of whicli is dextro-rotatory and the other Isevo- 
rotatory. And it i8 not improbable that inactive lactic acid 
may be resolved in a similar way. 



Inactive tartaric acid is very similar to racemic acid. It 
is formed together with raeemio acid by treating dibrom-suc- 
cinic acid with stiver oxide and water. Nothing is known 
regarding the relation of this substance to tlie other taitaric 
acids. 

HtDROXI -ACIDS, CnH)o_iOj. 

These are motto-hydroxy-ti^Msic acids. Citric acid is the 
only one known. 

/ , 00,H. 

Citric acid, C^0, + H,0(=C3H,(OH) J CO,H). — Citric 
} ( COiH/ 

acid, like malic and tartaric acids, is very widely distributed in 
nature in many varieties of fruit, especially iu lemons, in which 
it occurs in the free condition. It is found in currants, whortle- 
berries, raspberries, gooseberries, etc., etc. 

It is prepared from lemon juice. This is allowed to ferment 
and is then treated with lime. The lime salt is thus obtained 
in the form of a precipitate, is collected, and decomposed with 
sulphuric acid. 100 parts of lemons yield 5^ parts of the add. 

Citric acid crystallizes in rhombic prisms which are very easily 
soluble in water. The crystallized acid melts at 100°, the 
anhydrous at 153° to 154°. Heated to 175° it loses water and 
yields aconitic acid (which see): — 

rCO,H fCOsH 

CgH^COH) ] CO^ = C3H3 ] COjH + HjO. 

(cOOI (CO^H 

Acoaltlo idd. 

C,q,t,=cdbvC00gle 



CITRIC ACID. 176 

NOTB FOB Stodent.— Compare with formation of ftcrylie from 

li.rdracryllc acid ; aDd of raaleTc and f umaric acids from malic acid. 

Aconitie acid takes up hydrogen, and is transformed into tri- 
carballylic aeid (which see) . Thus a clear connection between 
trlcarballjlic acid and citric acid is traced, the latter appearing 
as hydroxy -tricarbally lie acid. Citric acid has been made arti- 
ficially by a somewhat complicated method. 

When 8ubject«d to dry distillation, citric acid loses both wat«r 

^ CO^H' 

(which see) ; if heated with water or dilute sulphuric acid to 
160° it yields Uaconic acid, CjH, < ^^>g, (which see) . 

\*^*^^ 'fCOH 

CA(OH) ] CO^ = C,H, ^"^" + H,0 + CO,. 

(co^ *-^^'^ 



Note for Stutibkt. — What relation, as far as composition Is 
concerned, do these two acids of the formula CjHjIpJi'j, bear to 

e the two 

Citrates. A few of the salts of citric acid are mentioned : — 

Mono-potassivm citrate, KHa.CflHjO, + 2 HjO ; 

Di-potassium citrate, KaH .CbH,0, ; 

Tri-potassium citrate, Ks.CbHbO, + HjO. Al! these potas- 
sium salts are easily soluble in water. They are made by 
mixing citric acid and potassium carbonate tn the right pro- 
portions. 

Calcium citrate, Ca,(CeH,0,i) -|- 4 HaO. This salt is formed 
by mixing a citrate of an alkali with calcium chloride. It is 
more easily soluble in cold than in hot water ; hence boiling 
causes a precipitate in dilute solutions. 

Magnesium, citrate, MgsCCcHA)! + 14HaO. This may be 
made by dissolving magnesia in citric acid. It is used in 
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Hydroxy- ACIDS, CnHaii.aOg. 
There are two acida to be considered under this head. They 
are iaomeric, and both are tetra-hydroxy-dibasic. 

Saccharic acid, C^.„o/- C.H,(OH),<^Q'gj.— Saccharic 
acid is fovmedby the osidatioa of cane sugar, glucose, or sugar 
of milk with nitric acid. 

To prepare it, it is best to treat ordinary sugar with dilute 
nitric acid. Oxalic acid is formed at the same time. 

It is an amorphous mass, which becomes solid only with 
difficulty. When treated with hydriodic acid it is converted 
into adipic acid, a member of the oxalic acid series (see table, 
page 142): — 

CJI,(OH),<^^'^ + SHI = C.Hg<^^ + 4H^ + 81. 

Sucburic actd. AdlpIc add. 

Note for Student. — What relations exist between hezone, man- 
Dlte, adIpIc acid, and saccharic aCid? 

Mucic acid, C6H.oO,(=C.H.(OH),<§°'^Y — Mucic acid 
is formed by oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk with ordinary 
nitric acid. Oxalic and tartaric acids are formed at the same 
time. 

It is a crystalline powder which is very difficultly soluble ia 
cold water. Hydriodic acid converts it into adipic acid (see 
above, under Saccharic Acid). 
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CHAPTER XL 

CARBOHYDRATES. 

Among the mixed compounds, or compounds which belong at 
the same time to more than one of the fundamental classes of 
carbon compounds, are the important bodies called carbohy- 
drates. This name was originally given to them because the 
hydrogen and oxygen which enter into their composition are 
always present in the proportion to form water, as shown in the 
formulas for dextrose, C(H,jOj, starch, CoHmOj, etc. All the 
compounds belonging to the class of carbohydrates are more or 
less intimately related to the hex-acid alcoliols, mannite and 
dulcite, CaHB(OH)a. According to their composition, they fall 
□atnrally into three groups. These are : — 

1. The glucose group of the formula CaHiaOg. 

The principal members of this group are dextrose or grape 
angar, levulose or fruit sugar, and galactose. 

2. The cane sugar group of the formula CiaHjjOii. 

The principal members are cane sugar, sugar of milk, and 
maltose. 

3. Tlie celhdose group of the formula (CflHioOj),. 

The principal members are cellulose, starch, gum, and dextrin. 

The Glucose Group, CaHuOg. 
Dextrose, glacose, ^rape sugar, CtHi,Os. — Dextrose 
occurs very widely distributed in the vegetable kingdom, par- 
ticularly in sweet fruits, in which it is found t^^ether with an 
equivalent quantity of levulose. It is found in honey together 
with cane sugar and some levulose. It occurs, further, in the 
blood, in the liver, and in the urine ; and, in the disease called 
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Diahetea mellitus, the quantitj' contained in the urine is largely 
increased, reaching as much as 8 to 10 per cent. 

Dextrose is formed from several of the carbohydrates of the 
formulas CiaHjjOji and C^i/>s, by boiling with dilute mineral 
acids, or by the action of ferments. The formation from cane 
sugar takes place according to this equation, equivalent quanti- 
ties of dextrose and levulose being foimed : — 

CtiHjiOo + H5O = 

Cnne »iigBr. 

Starch, cellulose, and dextrin yield dextrose according to this 
equation ; — 

C«H,A + HjO = CbH^O,. 

Finally, dextrose occurs in nature, in combination with a 
number of carbon compounds, in the so-called (/lucosides. These 
break up easily when treated with dilute mineral acids or fer- 
ments, and yield dextrose as one of the products (see Glucos- 
ides). Examples of the glucosides are amygdalin, lesculin, 
quercitrin, etc. 

Dextrose is prepared on the large scale from com starch in 
the United States, and from potato starch in Germany. The 
transformation is usually effected by boiliug with dilute sul- 
phuric acid, though oxalic acid is used to some extent, and phos- 
phoric acid has also been used. The excess of acid is removed 
by treating the solutions with chalk, and filtering. The filtered 
solutions are evaporated down either to a syrupy consistency, 
and sent into the market under the names "glucose," "mixing 
syrup," etc., or to dryness, the solid product being known in com- 
merce as "grape sugar." By evaporating the solutions down 
to such a concentration that they contain from 12 to 15 per 
cent of dextrose, crystals are formed which closely resemble 
those of cane sugar. They consist of anhydrous grape sngar- 
Tbeir formation is facilitated by adding a iittle of the crystal- 
lized substance to the concentrated solutions. 

If in the treatment of starch with sulphuric acid the trana- 
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formatjou ia not complete, and this is usually the case, the 
product is a mixture of dextrose, maltose, and dextrin. The 
longer the action continues, the larger the percentage of 
dextrose. 

Dextrose crystallizes from concentrated solutions, usually in 
crystalline masses consiatjng of minute six-sided plates. The 
mass, as seen in commercial " granulated grape sugar," looks 
very much lilie granulated sugar. It crystallizes from alcohol 
in mono-clinic crystals. It is sweet, but not as sweet as cane 
sugar. According to the laf«st estimations, the sweetness of 
dextrose is to that of cane sugar as 3 to 5. Its solutions turn 
fhe plane of potaHzotion to the right. 

Dextrose is easily oxidized, reducing the salts of silver and 
copper. When treated with nascent hydrogen, it yields, among 
other producte, mannite and hexyl alcohol. Under the influence 
of yeast it ferments, yielding mainly alcohol and carbon dioxide. 
Putrid cheese transforms it first into lactic acid and then into 
butyric acid by the so-called lactic acid fermentation. 

Dextrose foims compounds with metals and salts. Among 
the better known compounds of this kind are those mentioned 
below : — 

Sodium dextrose .... C«H|iOb . Na ; 

Sodium chloride dextrose . 2CgHuOe.NaCl + HjO; 

also, CJIisOa-NaCl -H i HjO, and CaH^«.2 NaCl. These 
compounds, with sodium chloride, crystallize well, and can be 
easily obtained in pure condition. 

Cupric oxide deatrose . . C(H,sO«.5CuO. 

By treatment with acetic anhydride, dextrose yields a product 

containing five acetyl groups, pent-ace tyl- dextrose. 

Note for Student. — Wbat does the formatloD of tbls compound 
indicate? 
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It is often important to know the quantity of dextrose con- 
tained in a, given liquid ; as, for example, in the urine in a case 
of suspected diabetes. For the purpose of making the estima- 
tion, advantage is taken of the action of dextrose towards an 
aUtaline solution of copper sulphate. The solution commonly 
used is that known as Fehling's solution. It is prepared l>y 
dissolving S4.64' crystaliized pure copper sulphate in water, 
adding a solution of 200* potassium sodium tai-trate, and 600< 
to 700* caustic soda of the specific gravity 1.12, and diluting 
so that the whole makes one litre. 

Experiment 38. Make half the quantity of Fehling's solntion 

above mentioned, and put la a bottle with a glass stopper. In a test- 
tube boil about 10°° of this solution, and then add a few drops of a 
dilute solution of glucose. Continue to boil, and add a little more of 
the glucose solution ; and so on, until, on removing the tube from the 
lamp, a dark-red uniform-looking precipitate settles, leaving the liquid 
above It perfectly clear and colorless. This precipitate is cuprous 
oxide. By taking proper precautions, the exact amount of dextrose 
present In a solution may be estimated lu this \ray. 

Regarding the relation between mannite and dextrose we have 
not much positive knowledge. The fact that dextrose so readily 
reduces metallic salts, and is converted into mannite by reduc- 
tion, has led to the belief that it is an aldehyde of mannite, as 
CH,OH 

represented by the formula (CHOH),, the corresponding alcohol 

ca,OH coH 
or mannite being (CHOH)^. While dextrose is converted into 

CHjOH 
mannite by reduction, mannite is not converted into dextrose 
by oxidation. Both substances are converted into saccharic 
acid by oxidizing agents, the relations between the three sub- 
stances being shown by the formulas 
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(CHOH), (CHOH). (CHOH).. 



Levuloee (fmit sugar), OHuO^. — As has been stated, 
levulose occurs tc^ther with dextrose, and in equivalent quanti- 
ties, in fruits ; and is formed by the action of dilute mineral 
acids, or fennents on cane sugar, this last breaking up accord- 
Log to the equation, — 

CiaHjaOu + HjO = CfiH^o + CsH^O.. 

Cue ingar. Deitnwe. LevuloH. 

As cane sugar is found in unripe fruits, it is probable that 
the change represented by the above equation takes place in the 
process of ripening. 

Levulose does not solidify, bnt forms a thick syrup. It is 
about as sweet as cane sugar. It turns the plane of polarization 
to the left. 



It acts towards Fehling's solution the same as dextrose. By 
nascent hydn^en it is reduced to mannite ; and by osidizing 
agents it is converted into saccharic acid. 

The same ai^imenta which lead to the belief, that dextrose 
bears to mannite the relation of an aldehyde to an alcohol, 
lead also to the conclusion that levulose bears the same 
relation to mannite. At present we do not know what is 
the cause of the isomerism of dextrose and levulose. Though 
the same hypothesis that was explained in connection with 
the two lactic acids may be applied also in this case, as 
the formula representing dextrose and levulose as aldehydes 
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of manuite show that each contains an asymmetrical carbon, 
tbus: — 

COH 
1 
HO-C-H 
1 
CH.OH 

(CH0H)3 

CHjOH 

Galactose, GgHizOG. — This Bnbetance is formed together 
with dextrose when either sugar of milli or gum arable is boiled 
with dilute sulphuric acid. 

It crystallizes in lai^e rhombic prisms, which melt at 130° ; 
is easily soluble in hot water, but much less so in cold wafer ; 
less sweet than cane sugar ; turns the plane of polarization to 
the left; conducts itself in some cespects like dextrose. It 
reduces Fehling's solution ; gives mucic acid with nitric acid, 
and dulcite with sodium amalgam. It does not ferment with 
yeast. 

The Cane-bogab Group, CyHjsOu. 

Oane sugar, C„HjjO|,. — This well-known variety of sugar 
occurs very widely distributed in nature, in sugar cane, soi-ghum, 
the Java palm, the sugar maple, beets, madder root, coffee, 
walnuts, hazel nuts, sweet and bitter almonds ; in the blossoms 
of many plants; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
In either case the processes of extraction and refining are largely 
mechanical. When sugar cane is used, this is macerated witii 
water to dissolve the sugar. Thus a dark-colored solution is 
obtained. This is evaporated, and then passed through filters 
of bone-black which remove the coloring matter. The solu- 
tion is evaporated in the air to some extent, and then iu 
large vessels called " vacuum pans," from which the air is 
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partly exhausted, so that the boiling takes place at a lower 
temperature than would be required under the ordinary pres- 
sure of the atmosphere. The mixture of crystals and mother 
liquors obtained from the "vacuum pans" is freed fi'om the 
liquid by being brought into the "centrifugals." These are 
funnel- shaped sieves which are revolved verj- rapidly, the liquid 
being thus thrown by centrifugal force through the openings 
of the sieve, while the crystals remain behind and are thus 
nearly dried. The final drying ia effected by placing the crys- 
tals in a warm room. 

When beets are used the process is essentially the same, 
though there are some differences in the details. 

The mother liquors which are obtained from the "centrif- 
ugals " are further evaporated, and j'ield lower grades of sugar ; 
and, finally, a syrup is obtained which does not crystallize. 
This is molasses. Molasses is sometimes brought into the 
market as such ; sometimes, particularly when obtained from 
beet sugar, it ia allowed to ferment for the purpose of malting 
alcohol. The spent wash, or waste liquor, "vinasse," ia now 
evaporated to dryness and calcined for the purpose of getting 
the alkaline salts contained in the residues. The products of 
distillation are collected, and from them are separated methyl 
alcohol and tri-methyl -amine (see p. 96). 

Sugar crystallizes from water in well-formed, large mono- 
clinic prisms. It is dextro-rotatory. When heat«d to 210° to 
220°, cane sugar loses water, and is converted into the substance 
called caramel, which is more or less brown in color, according 
to the duration of the heating and the temperature reached. 
Boiled with dilute acids, cane sugar is split into eqnal parts 
of dextrose and levulose, as has been stated. The mixture of 
the two is called invert-sugar. The process is called inversion. 
It takes place, to some extent, when impure sugar is allowed 
to stand. Hence invert-sugar ia contained in the brown sugars 
found in the market. Yeast gradually transforma cane sugar 
into dextrose and levuloae, and these then undergo fermenta- 
tion. Cane sugar itself does not ferment, .•,. GoOqIc 
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Experiment 30. Arrange two pieces of app&ratiiB aa in Bxp. 7. 
In one put 40s to 50e grape sugar and a certain quantify of yeast, a» 
!d Exp. 7; In the other put the same amount of cane sugar and of 
yeast. Notice the difference. 

Cane sugau does not reduce an alkaline solution of copper 
sulphate. 

Elxperiment 40. Prepare a dilute sotutlou of cane sugar by dls- 
solving U to 3s in 200" water. Test this with Fehling's solution, 
as in Eip. 38. Now add to the sugar solution 10 drops concentrated 
hydrochloric acid, aud heat for half an hour on the wat«r-bath at 
100'; exactly neutrnlize the acid with a dilute solution of sodinni 
carbonate, and test with Fehling's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and saccharic acid. 

Like dextrose, cane sugar forma compounds with metals, 
metallic oxides, and salts. Among these the following may 
be meutioned ; — 

Sodium sucrale .... CuHaOn . Na, 

Sodium-chloride s'tcrate . . CijHaOji.NaCl, 

Caicium aucrate .... CuHjgOu.Ca, 

and lAToe sucrate CjjHjiO],, 2 CaO. 

These derivatives are not sweet. 

An oct-acetate of the formula CiiH„(CjH30)B0.r has been 
made by treating sugar with sodium acetate and acetic anhy- 
dride. 

Though cane sugar readily breaks up into dextrose and levu- 
lose, no one has succeeded as yet in effecting the union of these 
two substances to form cane sugar. The character of the 
relation between it and the two glucoses is not undei-stood. 

Sugar of milk, lactose, Ci,Hj,0„ + H,0. — This sugar 
occurs in the milk of all mammals. It is obtained in the manu- 
facture of cheese. The cas^ is separated from the milk bji 
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means of rennet. The sugar of milk remains in solution, is 
separated by evaporation, and purified by i-ecrystalllzation. It 
crystallizes in rhombic crystals. That which comes into the 
market has been crystallized on strings or wood splinters. It 
has a slightly sweet taste ; is much less soluble in water than 
cane sugar, and is dextro-rotatory. It reduces Fehling's solu- 
tion. Oxidized with nitric acid, it yields mucic and saccharic 
acids. Nascent hydrogen converts sugar of milk into mannite, 
dulcite, and other substances. Like dextrose and cane sugar, 
it forms compounds with bases, dissolving lime, baryta, lead 
oxide, etc. 

Sugar of milk ferments under certain circumstances, and 
is thus converted into lactic acid. The souring of milk is a 
result of this fennentation. The lactic acid formed coagulates 
tbe casein ; hence the thickening. 

Maltose, CuHaO,,. — This carbohydrate is formed by the 
action of mailt on starch. Malt, which is made by steeping 
barley in water nntil it germinates, and then dicing It, contains 
a substance called diastase, which has the power of effecting 
changes similar to some of those effected by the ferments. 
Thus, it acts upon starch, and converts it into dextrin and 
maltose ; — 

3 C(H„Oi + H^ = CisHaOii + CjHxoO,. 

starch. MallOBe. Dcitrin. 

Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained !n commercial glucoses. 
By further treatment with sulphuric acid It is converted into 
dextrose. Maltose crystallizes in fine needles ; is dextro-rota- 
tory ; reduces Fehling's solution, and ferments with yeast. 

The Cellulose Group, CjHmOj. 

Cellulose, GbH,oO^. — Cellulose forms, as it were, the ground 

work of all v^etable tissues. It presents different appearances 

and different properties, accoi-ding to the source from which it 
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is obtained ; but tliese differences are due to Bubstances with 
which the cellulose ta mixed ; and when they are removed, the 
cellulose kft behind is the same thing, no matter what its source 
may have been. The coarse wood of trees, as well as the ten- 
der shoots of the most delicate planta, all contain cellulose as 
an essential constitnent. It forms the membrane of the cells. 
Cotton-wool, hemp, and flax consist almost wholly of cellulose. 
For the preparation of cellulose, either Swedish Slt«r-paper 
or cotton-wool may be taken. 

ElxpeiimeDt 41. Treat some cotton-wool snccesslvely with ether, 
alcohol, water, a caustic alkali, and, fluallj, a dilut« acid. Then wash 
with water. 

Cellulose is amorphous ; insoluble in all ordinary solvents ; 
soluble in an ammoniacal solution of cupric oxide. 

Experiment 42. Add some ammonium chloride to a solution of 
copper sulphate; precipitate with caustic soda; filter, and carefully 
wash. Dissolve the cupric tiydroside thus obtained lu amiuonla. The 
solution is knowu as SckwRizefs reagent. It will dissolve cellulose. 
Try it with some of the cellulose obt^ned In Exp. 41. 

Cellulose dissolves in concentrated sulphuric acid. If the 
solution be diluted and boiled, the cellulose is converted into 
dextrin and dextrose. It will thus be seen that rags, which 
consist largely of cellulose, paper, and wood, might be used 
for the preparation of dextrose or glucose, and consequently 
of alcohol. 

Oun cotton, pyroxylin, nitro-oeUulose, — Cellulose has 
some of the properties of alcohols ; among them the power to 
form ethereal salts with acids. Thus, when treated with nitric 
acid, it forms several nitrates, just as glycerin forms the nitrates 
known as nitro-glycerln (which see) . 

Treated for a short time with sulphuric and nitric acids, 
cellulose is converted into the lower nitrates, particularly the 
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tetra- and penta- nitrates. A solution of these in a mixture of 
ether and alcohol is known as collodion solution, which is much 
used in photography. When poured upon any surface, such as 
glass, the ether and alcohol rapidly eraj^ioiato, leaving a thin 
coating of the nitrates which were in solution. 

When treated for twenty-four hours at 10° with a mixture 
of nitric and sulphuric acids, cellulose yields the keaxi-nUrate 
C,2Hi,0,(0. NOj)e, which is used as an explosive under the 
name of gun cotton. It is used chiefly for blasting. 

An intimate mixture of gun cotton and camphor has come 
into extensive use under the name of celluloid. As it is plastic 
at a slightly elevated temperature, it can easily be moulded into 
any desired shape. When it cools it hardens. 

Paper. — Paper in its many forms consists mainly of cellu- 
lose. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly mechanically, and partly by boiling with caustic soda. 
The mass is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly rags of cotton or linen 
are used in the manufacture of paper ; wood and straw are 
also used. 

Starch, CgHioOi. — Starch is found everywhere in the vege- 
table kingdom in lai^e quantity, particularly in all kinds of 
grain, as maize, wheat, etc. ; tn tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United States starch is manufactured mainly from 
maize ; in Europe, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water ; the softened grain is then ground between stones, a 
stream of water running continuously into the mill. The thin 
paste which is carried away is brought upon sieves of silk bolt- 
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ing-clotb, which are kept in constant motion. The starch passes 
through with the water as a milky fluid. This is allowed to 
settle when the water is drawn oflf. The starch is next treated 
with water containing a little alkali (caustic soda, or sodium 
carbonate), the ohject of which is to dissolve gluten, oil, etc. 
The mixture is now brought into shallow, long wooden runs, 
where the starch is deposited, the alkaline water running off. 
Finally, the etarch is washed with wat^r, and dried at a low 
temperature. 

Starch has a granular structure, the grains as seen under the 
microscope having a series of concentric markingB, of which the 
nucleus appears to be at one side. 

Starch in its usual condition is insoluble in water. If ground 
with cold water, it is partly dissolved. If heated with water, 
the membranes of the starch-cells are broken, and the contents 
form a partial solution. On cooling, it forms a transpMent 
jelly called starch paste. 

With iodine, starch paste gives a deep bine color ; with bro- 
mine, a yellow color. 

Experiment 4S. Make some starch paste thus: Put a few grams 

of starch' in an evaporating dish; pour enough cold water upon it to 
cover it; grind it uoder the water with a pestle, and theu paur 300™ to 
300™ hot water upon it. When this Is cool, add a few difops'to a litre 
of water, and theu add a tew drops of potassium Iodide^ As long as 
the Iodine Is In combination with the potassium no change of color 
takes place; but If the Iodine be set free by the addition of a drop or 
two of chlorine water, or of strong nitric acid, the entire liquid turns 
H beautiful dari! blue. The cause of tills color Is the formation of a 
very unstable compound of starch and Iodine. The color Is easily 
destroyed by a slight excess of chlorine water (try it in a test-tube) ; 
by alkalies (try it) ; by sulphurous acid (try it) ; by hydrogen sulphide 
(try it) ; etc. It is also destroyed by heating. (Heat some of the 
solution la a test-tube, and let It stand.) The color reappears on 
cooling. 

> The pnrMt form of stareb to bo found to tbe market is that miide from arrow-root. 
Ordinuy atanh contain* oUur BobMancei which Minieilnm imetf ere wllb tbe rtuMoBK 
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Experiment 44. Use some of the atarch paste In studying the 
effect of bromine upon It. Use dilute solutlous. The bromine mast 
be In the free conditioo. , 

It has been stated that starch is coDTerted into dextrin, mal- 
tose, and dextrose by dilute acids; and tliat diastase converts 
it into maltose and dextrin. 

Ezperiment 46. Add 20°° concentrated hydrochloric acid to 200" 
of the starch paste already made, and heat for two hoars on the water- 
bath, couuecting the flask with an Inverted condenser (see Fig. 8). 
Then esamlne with Fehllng's solution. Test, also, some of the original 
starch paste with Fehllng's solution. 

Dextrin, CjHioOj. — Dextrin, as has been stated, is formed 
by treating starch with dilute acids or dia8ta.8e. It is converted 
by further treatment with acids into dextrose. The substance 
ordinarily called dextrin has been shown to be a mixture of 
several isomeric substances which resemble each other very 
closely. The mixtui'e is an uncr3'stallizable solid. It is 
strongly dextro-rotatory ; gives a red color with iodine and 
does not reduce Fehllng's sohition. It is used extensively as 
a substitute for gum. 

Chime. — Under this head are included a number of sub- 
staoces which occur in nature. One of the best Icnown is guia. 
arahic, which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, lilte that of cane 
sugar, is CijHsaO,,. Other gums aj'c wood ffttm, obtained from 
the birch, ash, beech, etc. ; hassorin, the chief consfatnent of 
gum tragacanth, etc. 

Our knowledge of the chemistry of these gums is very limited. 
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CHAPTER Xir. 

MIXED COMPOUNDS CONTAINING- NITROGEN. 

In speaking of tbe preparation of bibasic acids from mono- 
basic acids, reference was made to cyan-acetic and the two 
cyan -propionic acids. These are nothing but simple cyanogen 
substitution -products analogous to chlor-acetic aud tbe two 
ehlor- propionic acids. They are made by treating the chlorine 
pivxlucts with potassium cyanide. They have been useful 
chiefly in the preparation of bibaaic acids, as described in con- 
nection with malonic and the two succinic acids. It will there- 
fore not be necessary to consider them individually here. 

Note fob Student. — How may malonic be made from acetic acid ; 
and the two succinic acids from propionic acid ? Give tbe equations. 

The chief substances to be considered under the head of 
mixed compounds containing nitrogen are the amido-acida and 
the acid amides. As will be seen, both these classes of sub- 
stances are of special interest, as they represent forms of com- 
bination which are favorite ones in nature, especially in the 
animal liingdom, some of the most important substances found 
in the animal body, such as urea, uric acid, glycocoU, etc., 
tielonging to one or both the classes. 

AmiDO -ACIDS, 

The relation of an amido-acid to the simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to tlie hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrt^en is replaced by the 
amido group, NHj. Thus, amido-acetio acid is represented 
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amine is represented thus, CHj.NHj. The reasons for regard- 
ing metbyl-amine as a substituted ammonia, ns represented, 
have been stated. The formula is based U|>on the reactions 
of the sutetance ; that is, upon its chemical conduct and the 
methods used iu its preparataon. The same aigumcnts might 
be advanced in favor of the view that the amido-acids are 
substituted ammonias, and, at the same time, acids. The 
simplest method for their preparation consists in treating 
halogen derivatives of the acids with ammonia ; thus amido- 
acetic acid may be made by treating brom-acetic acid with 
ammonia : — 

NH, 



2NH, = CH,<^"' +NH,Br. 



Note for Student. — Compare tbls reaction with that made use 
of for making methyl-amine. 

NH, 
Amido-fonnic aoid, carbamio acid, I . — This acid 

CO,H 
is not known in the free condition. Its ammonium salt, 
NH, 

I , is formed when carbon dioxide and ammonia are 

COjNHj 
brought t<^ether ; — 

I 
CO, + 2 NHj = COjNH,. 

The other carbamates may be prepared from the ammonium 
salt. ■ They are decomposed, yielding carbonates and ammonia. 
Thus, when potassium carbamate is warmed in water sohition, 
decomposition takes place, as represented in the equation, — 

NHj.COjK + H,0 = NH, + HKCO,. 

The ethereal salts of carbamic acid are readily made by 
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treating the ethereal salts of cblor-fonnic acid (see p. 157) 
with ammonia : — 

CI NHj 

I I 

COjC^H, + 2NH3 = CO.CjHi + NH,CI. 

Amido -formic acid cannot be taken as a fair representative 
of the amido-acids, any more than carbonic acid can be taken 
as a fair representative of the hjdroxy-acids. 

amido-a,cetic acid, S ' \ COMJ' 

bile are contained two complicated acids, which are known as 
glycocbolic and taurocliolic acids. When glycocholic acid is 
boiled with liydi-oehloiic acid, it breaks up, yielding cholic acid 
and glycocoU. In the urine of horses is found an acid known 
as hippuric acid. When this ia boiled with hydrochloric acid, 
it breaks np into benzoic acid and glj'cocoll. 

When nrie acid ia treated with liydriodic acid, glycoeoll is 
one of the products. Further, glycoeoll is foiTned when glue 
is boiled with baryta water or dilute sulphuric acid. Its forma- 
tion from brom-acetic acid and ammonia, mentioned above, gives 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetie acid has both acid and basic properties. It 
unites with acids, foi'ming weak salts ; and it acts upon bases, 
giving salts with metals, — the amido- acetates. It also unites 
with salts, forming double compounds. 

Examples of the compounds with acids are the 

Hydrochloride . . . . CH, < J^j?!;^*^*. 



of the salts with metals. 

Zinc amido-acetate . . Zn{CiH,N0i,)3+ HjO, 
and C<^er amido-acetate . Cu(CjH4N0j)i-(- H,0; 
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of tlie componnds witli salts, the double salt of 

C<.ffl,er»«™(e jCu(NO,)..Co(CANO,),+ 2H,0. 

aud Copper amido-atxtate, ) 

Treated with nitrous acid, gljcocoll is converted into hydroxy- 
acetic acid. 

Note for Student, — Write the equation representing the reaction 
which tafees place when glycocoll is treated with nitrous add. 

Sarooaine, methyl-glyoocoU, C,H,NOy=CHj<^g^A. 
If brom-aeetic acid be treated with methyl-amine instead of 
with ammonia, a reaction tal^es place similar to that wliich takes 
place with ammonia, the product being methyl glycocoll or sarco- 

- ^^' + NH,Br ; and 
^NH.CHs 



Sarcosine is a product of the decomposition of creatine, which 
is found in meat, and of caffeine, which is a constituent of coffee 
and tea. It is obtained from creatine and caffeine by boiling 
them with baryta water. 

Its properties are much lilie those of glycocoll. 

Amido-propionio acids, C]H,NOi. — These acids bear to 
propionic acid relations similar to that which amido-acetic acid 
bears to acetic acid. There arc two, corresponding to a- and 
i8-chlor-propionic acids, from which they are made. They are 
not found in nature. Their properties are much like those of 
glycocoll. 

Note for Studbkt. — What substances woultl be formed by treat- 
ing the two amldo-propionlc acids with nitrous acids? 

Among the amido derivatives of the higher members of the 
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fatty acid series, that of caproic acid should be specially men- 
tioned. 

Leucine, o-amido-oaproio add, 

C,H„NO, [=0H3.CH,.0H,.CH,.CHCNH,).CO3]- 
Leucine ia found very widely distribnted in the animal kiagdom, 
ae in the spleen, pancreas, and brain. It lias also been found 
in the vegetable kingdom in a few plants. It is produced by 
the decomposition of subatanceB containing albumin or gelatin. 
It has been made by treating a-brom-caproic acid with ammonia. 

Amtoo-sulfhonic Acids. 
Just as there are amido derivatives of the carbonic acids, 
so, too, there may be amido derivatives of the sulphonic acids. 
Only one of these need he considered. 

A^S^iethionic acid, / C,H,NSO,(= C,H.< j^^ J. 
Taurine ia found in combination with cholic acid in taurocholic 
acid, in ox bile and the bile of many animals, as well as in 
other animal liquids. It has been made synthetically from 
isethionic acid, CjH, < , by treating the acid Buccesaively 
with phosphorus pentachloride and ammonia: — 

<^*<SO^H + ^™' = ''«<S0.C1 -^ ''™'"' + ''"''■' 

'-■ icacld. Cbkir.etliyl-aulpho-ctalorlde. 



- NH4C1. 

Taurine crystallizes in large tetr^onal prisms. It is a very 
stable substance, and can be boiled with concentrated acids with- 
out decomposition. With nitrous acids it yields isetliionic acid. 

It unites with bases forming salts. 
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The only amido-bibasic acid which need be considered is 
amido-saccinic acid. 

Amido-succmio aoid, * V OO^Hy 

Aspartic acid occurs in pampkln seeds, and is frequently 
met with as a product of boiling various natural compounds 
with dilute acids. Thus, for example, it is formed when caecin 
and albumin are treated in this way. It is formed also when 
aaparagine (which see) is boiled with acids or alkalies. 

Aspartic acid crystftUizes. It turns the plane of polarization, 
under some circumstances to the right, under others to the left. 

Treated with nitrous acids it yields malic acid. 



Acid Amides. 

When the ammonium salt of acetic acid is heated, it gives oflE 

water, and a body distils over wliich is known as acelamide. 

The reaction which takes place is represented by the following 

equation ; — 

CHaXOONH, = CHs.CONH, + H/). 

The substance obtained has neither ac.id nor basic properties. 
An examination of the ammonium salts of other acids shows 
that tie reaction is a general one, and we thns may get a class 
of neutral bodies, known as the acid amides. 

As no one of the acid amides of the fatty acid series is of 
special importance, a few words of a general character in regard 
to tlie class will suffice. 

Besides the reaction above referred to for making the acid 
amides, there are two others of general application. One con- 
sists in treating an ethereal sail of an acid with ammonia ; 
thus, when ethyl acetate is treated with ammonia, tliis reaction 
takes place : — 

CHj.COjC^, + NHg = CHs.CONHj + CjHgO. 
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The other reaction consists in treating the acid chlorides with 
aDunonia. Thus, to get acetamide, we may treat acetyl chloride 
(see p. 61) with ammonia: — 

CHj.COCl + 2NHs = CHs.CONHj + NH,C1. 
This last reaction is perhaps used most freqneutl;. It shows 
the relation which exists between acetic acid and acetamide. 
For acetyl chloride ia made from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, as has been pointed 
out, to be regarded as acetic acid in which the hydroxyl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that which we have had to deal 
with in the preparation of amido-acids, the chlorine is replaced 
by the amido group. Therefore, ac'ctaniide is acetic acid in 
which the hydroxyl is replaced by the amido group, as shown 
in the formulas : — 

O O 

1 I 

CH3.C-OH CHa-C-NHj. 

Aoelic acid. Acetamide. 

As the acid hydrogen of the acid ia replaced, the amide is not 
an acid. On the other hand, the basic properties of the am- 
monia are destroyed by the presence of the acid residue as a 
part of its composition. This latter fact may be stated in 
another way ; viz., when an ammonia residue is in combination 
with carbon, which in turn is in combination with oxygen, its 
basic properties are destroyed. 

The amides are converted into ammonia and a salt when 
boiled with strong bases : — 

CHa.CONH.. + KOH = CH3CO2K + NHg. 

They are converted into cyanides by treatment with phos 
phorus pentoxlde PjOj : — 

ClIa.CONHj = CH3.CN + HjO. 
As the substance obtained in this way is identical with methy: 
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cyanide, which ia formed by treating methyl-sulphuric acid -with 
potassium cyanide, the reaction furnishes additional evidence 
ill favor of the conclusion already renclied ; viz., that in the 
cyanides the carbon and not the nitrogen of the cyanogen 
group ia in combination with the hydrocarbon residue, ae repre- 
sented in the formula CHj— C— N. 

As acetamide is made by treating ammonia with the chloride 
of acetic acid, so, by treating ammonia with the chloride of any 
acid, the corresponding amide may be made. So, also, by treat- 
ing ammonia with acid chlorides, or by treating acid amides with 
strong acids, more complicated compounds may be obtained. 

fCHO f*^'^** 

Of these di-acetamide, NH< JJ'r\' ^^^ tri-acetamide, N-I C,HjO, 
*■'"'" I.C,H,0 

may serve as eicamples. The relations of these substances to 
ammonia and to acetic acid are shown by the formulas, ordinary 
or mon-acetamide being NHa.CiHaO or CHj.CO. NH^. 



Fig. 12. 

Experiment 46. Arrange au apparatus as shown Id FI^. 12. In 
flask A put 150* oxalic acid (dehydrated at 100°) aud 100^ absolute 
alcohol ; and, In flask B, 100« absolute alcohol. Heat the bath J> to 
100° ; and then heat the alcoLol In flask B to boiling, and continue to 



198 MIXED COMPOUNDS CONTAINING NITBOGEN. 

pass the vapor from flask B into the mixture in flask A, meanwhile 

allowing the temperature of the oil-bath to rise to 125''-130°. A 
mixture of alcohol and ethyl oxalate will distil over. To some of this 
mixture In a flask add concentrated aqueons ammonia, and shake. 
Insoluble oxamide is formed and is thrown down as a white powder. 
What reactions have taken place? Write the equations. Filter off 
the oxamide, and wasti tt with water. See whether it condncta itself 
like an acid. Has U au acid reaction? Boil with caustic potash (nut 
too much), and notice whether ammonia is given off. Why does it 
dissolve? How can the oxalic acid be extracted from the solution? 

When tbe amide of a polj-baeie acid ie boiled with ammonia, 
and under some other circumstaDces, partial decompositioii 
takes place, and a substance is formed which la both amide and 
acid. Thus, in the case of oxamide, the product is oaximie 

CO,H 
add, I . This acid forms well-characterized salts and 

CONHj 
other derivatives, such as are obtained from acids in general. 
There is one acid of this kind which is a well-known natural 
substance. It has already been referred to in connection with 
aspartic acid, which is closely related to it. It is 

Aeparaffine, amido-auccinaiuic aoid, 

0.H,N,O, -I- H=o(- CiHsCNH,) < oo^^)' ~ ^sparagine is 
found in a great many plants, as in asparagus, liquorice, beets, 
peas, beans, vetches, etc. It may be made by treating mon- 
ethyl amido-succinate with ammonia. 

NoTB FOR Stddbnt. — What reaction tafees place? Write the equa- 

Aspari^ine forms large rhombic crystals, difficoltly soluble 
in cold water, more easily in hot water. When boiled witli 
acids or alkalies, it is converted into aspartic acid and ammonia. 

Note for Student. — Notice that only the amido group of the 
amide Is driven ont of the compound by tills treatment. The other 
amldo group which is contained in the hydrocarbon portion of the 
compound is not disturbed. 

Nitrous acid converts asparagine into malic acid. 
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Cyan-amldeB, CNiHt- — Iii speaking of cyanic acid, the 
existence of two chlorides of cyanogen was mentioDed : one 
a liquid, having the formula CNCl ; the other a. sohd, of the 
formula CjNgClg. When the former is treatetl with ammonia, 
it is converted into an amide, CN . NH^, which bears to cjanic 
acid, NC.OH, the relation of an amide. Like the other 
simple compounds of cyaut^en, cyan-amide readily undei^oes 
change. When simply kept unmolested, it is converted into 
dUcyan-diamide, CjNiHii while, when heated to 150°, a violent 
reaction takes place, and tri-cyan-triamide, CgN^H,, is formed. 
Whether or not the formulas given really express the true 
molecular weights of the products is not known. It can only 
be said that the changes involve no change in per centage 
composition, and therefore are cases of polymerisation. The 
formation of the compounds is particularly interesting, as illus- 
trating the tendency on the part of the simpler cyanides to 
undergo change under very shght provocation. 

Chianidine, CNjHs. — This substance, which is closely 
related to cyan-amide, is formed by the oxidation of guanine 
(whioh see), and this in turn is obtained from guano. It may 
also be made by treating cyanogen iodide with ammonia : — 

CNI + 2NH, = CN,Hs.HI, 
the product being the hydriodic acid salt of guanidine. As 
will be seen, guanidine is cyan-amide plus ammonia : — 
CN . NH, -I- NH3 = CNaHj. 

It is a strongly alkaline base. Boiled with dilute sulphuric 
acid or baryta water, it yields urea and ammonia : — 



Creatine, CH^sO^. — This substance is found in the 
muscles of all animals. It is closely related to guanidine and 
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also to sarcosine (see p. 193) , It has been made eynthetically 
by bringing cyan-amide and sarcoeinc together. The reaction 
which takes place is analogous to that made use of for the 
preparation of guanidine. The aiialt^y is shown by llie two 
equations, — 

CN . NHj + NHg = CNjHj, 

OUHDldlae. 

or (CNjHa.NHj), 
and CK.KH, + NJCH, =CN,H,.nJ^^' 

etu-coeloe. 

or CjHjNA- 

Urea, or carbamide and derivativee, — Closely related 
to the nitrogen compounds just considered is urea, or the 
amide of carbonic acid. Its importance and certain peculiari- 
ties distinguish it from the other acid amides, and it is there- 
fore considered by itself. 

Urea is found in the urine and blood of all mammals, and 
particularly in tlie urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent ; the quantity given off by 
an adult man in 24 bonrs being about 30*. Urea may be made 
by the following methods : — 

(1) By treating carbonyl chloride with ammonia : — 

COCIj -I- 2 NHg = CONjH, -f- 2 HCl. 
What is the analogous reaction for the preparation of acetamlde? 

(2) By heating ammonium carbamate : — 



.NHj 



= CONtH, -1- HjO. 



Wbat Is the analogous reaction for preparing oxamide? 
(3) By treating ethyl carbonate with ammonia : — 
CO < ^^^' -I- 2 NH, = CONslI, + 2 C^^O. 



(4) By the addition of wbXgt to cyan-amide : — 

CN . NH, + II2O = CONjH<. 

(5) By evaporation of anunonium cyanate in aqueous aolii- 

CN(ONH.) = CONjH,. 

This reaction is of special interest, for the reason tliat it 
nfibrded the first example of the formation, by artificial methods 
from inoi^anic substances, of an oi^anic compound found in 
the animal body (see p. 1). 
Urea is most readily obtained from urine. 

Experiment 47. Evaporate four or Bve litres /resft urine to a thin, 
sjnipy coDSisteDCe. After cooling odd ordinary coDcentrated nitric 
acid, wlien crystals of urea nitrate are obtained. Filter, wasb, and 
recrystallize (Vom moderately concentrated nitric acid. When the 
crystals of urea nitrate are white, dissolve again In water, and add 
finely-powdered barium carbonate. The nitric acid forms barium 
nitrate, and the urea is left In free condition. Evaporate to dryness, 
and from the residue extract the area with strong alcohol. 

E^xperim'ent 48. Malic potassium cyanate as directed In Eiperi- 
' ments 21, p. 83, and 26, p. 83. To the cold solution of tlie cyanate add 
a solution of ammonium sulphate containing as much of the salt as 
there was used of pota-osiiim ferrocyanlde In the preparation of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate wilt crystallize out. Filter this off, and evaporate to dryness. 
Extract with alcohol. Tlie urea will crystallize from the alcoholic 
solution when It is brought to the proper concentration. Give all the 
reactions Involved In passing from potassium ferrocyanide to urea. 
Compare the urea made artificially with that made from urine. 

Urea crystallizes from alcohol in lai^e quadratic prisms, 
which melt at 132°. 



Urea is easily soluble in water and alcohol. Heat«d with water 
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in a sealed tube to 100°, it breaka up into carbon dioxide 
and ammonia r — 

C0N^4 + HjO = CO, + 2 NHa. 
The same decomposition of the urea takes place spontaneously 
when virinc is allowed to stand. Hence the odor of ammonia 
is always noticed in the neighborhood of urinals which are not 
kept thoroughly clean. 

Sodium hypochlorite or hypobromite decomposes urea into 
carbon dioxide, nitrogen, and water : — 
CONjHi + 3 NaOa = NaaCOj + NaCl + Nj + H/) + 2 HCl. 

Experiment 50. To a solution of 20i sodium hydroxide in 100« 
water add about 5™ brontue, and shake well. Make a solntion of urea 
in water, and add to the solution of the hypobromite. An evolution 
of gas will be noticed, showing that the urea Is decomposed. 

Nitrous acid acts in the same way : — 

CON^ + 2 HNO3 = COj + N4 + 3 H,0. 

When heated, urea loses ammonia, and yields first biuret, 

and finally cyanurio add (see p. 84) : — 

2 CO(NH,), = CiHjNsOa + NHg ; 

3 CO (NHj)j = C^OaNg + 3 NH,. 

Urea unites with acids, bases, and salts. The hydrogen of 
the amido groups may be replaced by acid or alcohol radicals, 
giving compounds of which acetyl urea, C0< ' ' ' , and 
ethyl urea, CO < ™*^"^S are examples. 

Among the compounds with acids, the following may be 
mentioned : urea hydrochloride, CHiNjO . HCl ; urea nUrate, 
CH^NaO . HNOj ; and urea phosphate, CH^N/) . H,PO,. With 
metals it forms such compounds as that with mercuric oxide, 
HgO.CH^N.O ; with silver, CHjNjO . Ag„ etc. With salts it forms 
such compounds as HgClj . CH^NjO, HgO.CH(Np.HNOa, etc. 
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Substituted ureas, — that is, those derivatives of urea Trhich 
contain hydrocarbon residues in place of oae or all the hjdrogen 
atoma, — may be made from the cyaaates of substituted ammo- 
nias. The ftindamental reaction ia the spontaneous transforma- 
tion of ammonium eyanat« into urea : — 

CN.ONH4 = CO(NH,),. 

In the same way, cyanates of substituted ammonias are trans- 
formed into substituted ureas : — 



CN.ONHs{CsH.), = CO < J!^*^"^"^', etc. 

The urea derivatives ■which contain acid radicals are made by 
treating urea with the acid chlorides : — 

CO < 5™ + C^PCl = CO <^j; -^'^^ + HCl. 
^"^ NHj 

Acetf] ureii. 

e is acetyl area analogous to 



There are several derivatives of urea and radicals of bibasic 
acids, aa oxalic and malonic acids, which are of special interest, 
as they are closely related to uric acid ; and tbeir formation from 
this acid has thrown much needed light upon the inner nature of 
the acid. 

Paral»nic "^."i. loB,N.o/='?°-™> Oo).-P«.b.mo 
Oxalylurea, ' \ CO.NH / 

acid is formed by boiling uric acid with strong nitric acid and 
other oxidizing agents, and by treating a mixture of urea and 
oxalic acid with phosphorus trichloride : — 

C^HA + C0(NH2),= CjHsNA + 2 Hfi. 
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It acts like an acid. Its salts readily pass over into salts of 
oxaluric acid (which see). Treated with alkalies it breaka up 
into urea and oxalic acid. As will be seen, parabanic acid ia 

CO.HH, 
analogous to oxamide, [ , the residue of urea acting the 

CO.NH, 
part of the two amido groups. 

f CO.OH N 

Oxalurio a«id, C3H4NiOA=CO.HN.CO.NHj, bears to 
parabanic acid the same relation that oxamic acid bears to 
oxamide. It occurs in the form of the ammonimn salt in small 
quantity in human urine. 

Barbituric acid, malonri urea, 

C<H,N,Os + 2 H,o( = CH, < ^'JJ^ > CO V — Barbituric 
acid, like parabanic acid, is a product obtained from uric acid. 
It has been made arliflcialt; by treating a mixture of malonic 
acid and urea with pbosphonis oxichloride : — 

Treated witb an alkali, barbituric acid breaks up into malonic 
acid and urea. 

The relation of the acid to malonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 

Sulpho urea, CS(NH,), This sulsstance is formed by 

heating ammonium sulpbo-cyanate, the reaction which takes 
place being analc^ous to that by which urea is formed from 
ammonium cyauate : — 

CNSNH4 = CS(NHi),. 

A number of derivatives of sulpho urea have been made. 
They resemble those obtained from urea 
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tJrio acid, C&H1N4O]. — Uric acid occurs in human urine, 
in certain urinaiy calculi, in the urine of camivoroue aniruale, 
and of birds. The excrement of serpents consists almost 
entirely of ammonium urate. It has been made by heating 
together amido -acetic acid and urea. 

Uric acid is best prepared either from serpents' excrement or 
guano. 

It forms a crystalline powder, which is almost insoluble in 
water. It is a monobasic acid, though weak compounds with the 
alkali metals may be made which contain two atoms of metal 
in the molecule. 

Uric acid has been the subject of a lai^e number of int«r- 
esting investigations, and many derivatives have been obtained 
from it. It would only tend to confusion to give an account of 
many of these derivatives here. Hence only a few of the trans- 
formations which have been effected, and which give an insight 
into the nature of the acid, will be mentioned. 

1. By heating uvic acid, ammonia, hydrocyanic acid and urea 
are formed. 

2. Heated with hydriodic acid, it yields carbon dioxide, ammo- 
nia, and glycine : — 

CiH,NA + 5 HjO = 3 CO2 + 3 NH, -t- C^H.NOa. 

8. Oxidizing ^ents convert uric acid either into allantoin, 
a compUcated substance of the formula CjHjNiOj, or alloxan, 
CjHjNjOi, which is closely related to parabanic acid, or oxalyl 
urea (see p. 303), and barbituric acid, or malonyl urea (see 
p. 204) . 

Xanthine, CsHiN^O,, is found in some rare urinaiy calculi 
and in several animal liquids. It is formed by the action of 
nitrous acid on guanine, CjHjNjO : — 

CH^NsO -t- HNOj = CsH,N.O, + H^O + N,. 

This reaction shows that guanine is an amido derivative, and 
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that santliine is the correspoDdmg hjdroxyl compound. (Whj 
does thia follow ?) 

meobromlM } 0,H.N,0,[- O.H,(0H.),N.O,L i. a 

Dimethyl-xantbme, ) 
substance found in chocolate prepared from the seed of the 
cacao tree. It has been made by treating the lead compound 
of xanthine with methyl iodide. 

Caffeine, theine, trimethyl-xan thine, 

C,HiJ^.O, + H,0[=C.H(CH,)^,0, + H,0], is the active 
constituent of coffee and tea. It has been made from theo- 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established 
between the active constituents of cofEee, tea, and chocolate on 
the one hand, aad xanthine and guanine on the other. 

Guanine, CjHjNsO[= CsHsCNHJN,©], is found principally 
in guano, from which it is prepared. Nitrous acid converts it 
into xanthine. Oxidizing agents convert it into guanidine, 
CN3H,(8eep. 199). 

Eetkospect. 

Before passing on to the next division of our subject, it wfll 
be well to pause and consider briefly what we have learned 
thus far. 

In the first place, all the compounds which we have considered 
may be regarded as derived from the marsh^gas hydrocarbons 
or paraffins. 

By replacing the hydrogen atoms of these hydrocarbons with 
chlorine, bromine, or iodine, we get (1) tke substitution-produas 
of the hydrocarbmis. 

By introducing hydroxyl into a hydrocarbon in place of 
hydrogen, we get the bodies called (2) alcohols, of which 

D,q,l,==dbvC00glt: 
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there are three classes ; (a) the primary, (b) the secondary, 
and (c) the tertiary alcohols. 

By oxidizing primary alcohols we get (3) cddehydes. 

By oxidizing secondary alcohols we get (i) ketones. 

By oxidizing alcohols, aldehydes, and ketones, we get (5) 
acids. 

Acids and alcohols act upon each other, forming (6) ethereal 
salts, aad alcohols can be converted into (7) ethers. 

Corresponding to the oxygen derivatives, we met with com- 
pounds containing sulphur, as (8) the sulphur edcohals, or 
mercaptana; (9) the sulphur ethers; and (10) the sulphonic 
adds. 

Next, we found compounds containing nitrc^en. Under this 
head we considered cyanogen, and the allied compounds hydro- 
cyanic, cyanic, and sulpho-eyanic adds. Allied to these we 
found (11) the cyanides, and (12) the isocyanides; (13) the 
Cf/anates, and (14) the isocyanates; (15) the mlpho-cyanates, 
and (16) iba iso-sulpko-cyanates ot mustard oils. 

Finally, we found (17) compounds containing metals in combi- 
nation with radicals. 

Bepresentatives of these various classes of compounds were 
considered, and the relations between them pointed out. 

We tonnd poly-add alcohols &nd poly-basic adds. 

Under the head of mixed compounds were found compounds 
which belong at the same tame to two or more of the funda- 
mental classes^ as the hydroxy-acids, liie carbo-hydrates, and 
the amido-adds. A consideration of the amido-acids and 
the acid amides brought us naturally to the consideration of 
urea and its derivatives, and of uric acid and its derivatives. 

We turn now to a new class of compounds, known as unsatu- 
rated compounds. 
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CHAPTER XIII. 

UNSATDRATBD CARBON COMPOTJNDa. — DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

All the compounds thus far considered are generally called 
saturated compounds. This is certainly an appropriate Dame 
as far as the hydrocarbons themselves and some of the classes 
of their derivatives are concerned. The expression " saturated" 
is intended to signify that the compounds have no power to unite 
directly with otlier compounds or elements. Thus marsh gas 
cannot be made to unite directly with anything. Bromine, for 
example, must first displace hydrogen before it can enter into 
combination with the compound 

CH, + Br, = CH,Br + HBr. 

The compound is saturated. 
On the other hand, a compound which can ta^e up elements 

or other compounds directly is called unsaturated. Thus, phos- 
phorus trichloride is unsaturated, for it has the power to take 
up two chlorine atoms thus : — 

PCI, + CI, = PCU. 

Ammonia is unsaturated, for it can take up other elements : — 

NH, + HCI = NH.CI. 
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The condition of unsatui-ation is met with among carbon 
compounds in several foi'me : — 

Firsl. The aldehydes act like unsaturated comijoirada, as 
shown in their power to take up ammonia, hydrocyanic acid, 
and otlier substances. 

Second. The ketones also act like unsaturated compounds, 
though their power in tliis way is lees marked than that of the 
aldehydes. 

ITiird. The substituted ammonias are unsaturated, in the 
same seuae in which ammouia itseir is unsaturated. 

Fourth. The cyanides take up hydrogen directly, and are 
therefore unsaturated also. 

In the substituted ammonias, and probably in the cyanides, 
the unsaturation is due to the same cause as that in ammonia. 
In them the nitrogen is tnvalent. In contact with certain 
substances it becomes quinquivalent, and saturates itself. 

In the aldehydes and ketones, carbon is in combination with 
oxygen in the earbonyl condition. When they unite with 
hydrogen and some compounds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably clianged, 
the latter being in the hydroxy! condition. The changes are 
usually represented by formulas such as the following : — 

CHa CHs 

I I ,CN 

C = + HCN= C^f,„- 

I I " 

CHa CH, 

In the earbonyl group the oxygen is represented as held by 
two bonds by the carbon atom, while in the hydroxyl condition 
it is represented as held by one bond. Tlie signs may be used 
if care is taken to avoid a too literal interpretation of ttiem. 
There are undoubtedly two relations which carbon and oxygen 
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bear to each other in carbon compounds. These relatioDS may 
be called Oie hydroxyl relation, represented by the sign C— O— , 
and the carbonyl relation, represented by the sign C = O. 

Fifth. There is a flftii kind of unaaturation, dependent upon 
differences in the relations between carton atoms, and it is this 
kind which is ordinarily meant when unsaturated carbon com- 
pounds are spioken of. 

The kind of relation between the carbon atoms in all the 
saturated hydrocarbons is, so far as we know, the same as that 
which exists between the two carbon atoms of ethane, and 

H H 
which is represented by the formula H— C— C — H. This 

H H 
formula signifies simply that the two carbon atoms are held 
together by the forces which in marsh gas enabled each carbon 
atom to hold one hydrogen atom. Absti'acting one hydrogen 
atom fvora marsh gas, union is effected between the carbon 
atoms. What would result if two hydrogen atoms were to be 
abstracted, and union between the carbons then effected? 
Theoretictdly we should get a compound made up of two groups 
CHe, thus CH^.CHs, and presumably the relation between the 
carbon atoms in this compound woidd be different from the 
relation between the carbon atoms in ethane. Without push- 
ing these speculations farther, it may be said that there is a 
well-known hydrocarbon which differs markedly from ethane, 
having the formula CiH4, and showing the property of unaatu- 
ration very clearly. Tliis is ole/rani gas or ethylene. It is the 
first of a homologous series of hydrocarbons, only a very few of 
which, however, are well known. These hydrocarbons yield 
derivatives like the paraffins ; though of these, as well as of the 
hydrocarbons, very few are known as compared with the number 
of the paraffin derivatives. Only a few of them are of much 
importance. 
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ETHYLENE AND ITS DERIVATIVES. 
HlDBOC ARSONS, C„Hi„. 

The principal hydrocarbons of thia series are included in the 
subjoined table : — 

Ethylene C^,. 

Propylene CjH^. 

Butylene C,H,. 

Amylene C,Hio. 

Hexylene CjH^. 

Heptylene C,Hi,, 

The members are homologous with ethylene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen less than the paraffin with t^e same number 
of carbon atoms - 

Ethylene, oleflant gas, 0,H,(= CHj.CH,). — This gas is 
formed when many oi^anic substances are subjecteil to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

CjHsBr + KOH = CjHi + KBr + HjO. 

This is the most important reaction for the preparation of the 
unsaturated compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to substances belonging to 
other classes. By means of it we have it in our power to pass 
from any saturated compound to the corresponding unsaturated 
compound of the ethylene series. Thus we pass from ethane, 
CjHg, to ethylene, C:H„ by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substitu- 
tion-product. Similarly, by treatment with alcoholic potash of 
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the mono-bromine substitution -producte of other compounds, 
the cori'esponding unsaturated compounds may be made. 

(2) The action of sulphuric acid and Other dehydration 
t^ents upon alcohol ; — 

C5H..OH = <VI, + H,0. 

BxperlmcDt SI. In a flask of 2' to 31 capacit; pnt a mixture of 
2Bf alcohol and ISO* ordinary concenti'ated sulphuric acid. Heat to 
160' to 170°, and add grnduallj through a funnel tube about 600™ of a 
mlitnre of 1 part of alcoliol and 3 parts of concenti-ated salpburic acid. 
Pass the gas ttirongb three wash bottles containing, in order, sulphuric 
acid, caustic soda, and sulphuric acid. Then pass It Into bromine 
coDti^ned In a cylinder, provided with a cork with two holes. If the 
cylinder has a diameter of about 5*^, let the layer of bromine be abont 
gem to 7™ thick. Upon It pour a somewhat thicker layer of water. 
Place the cylinder in a vessel containing cold water. Pass the gas 
Into the bromine nntll it is completely decolorized. 

Ethylene is a colorless gas wbich may be condensed to a 
liquid. It burns with a luminous flame. With oxygen it forma 
an explosive mixture. Its most characteristic property is its 
power to unUe directly with other substances, partiaularly vntk 
the halogens and their hydrogen aci^a. Thus it unites with 
chlorine and bromine, and with bydriodic and hydrobromic 
acids : — 

C,H, + Cls = C^U,C\^; 

CjH, + Btj = CsH,Br, ; 

CM* + HBr = CsHjBr ; 

C^4 + HI = C,H,T. 

The products formed with chlorine and bi'omine are called 

ethylene chloride and ethylene bromide. They have been 
mentioned under the head of halt^en derivatives of the paraf- 
fins. They are isomeric with ethylidene chloride and ethylidene 
brosnide, which are formed by substitution of two hydrogens 
of ethane with chlorine or bromine. 
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Note. — Tlic addition of bromine to ethylene l9 illustrated by the 
experiraent last performed, in whicli ethylene bromide Is formed. To 
purify the product, put a little dilute caustic soda in the cyltuder, and 
Nhiike. K«move tbc upper layer of water, and repeat the vroshlug with 
dilute caustic soda. Then wash with water two or three times, each 
time removing the wat«r with the aid of the pipette described on p. 31. 
Finally, put the oil In a flask, adil a few pieces of granulated calciuni 
chloride, and allow to stand. Four off into a dry distill ing-bulb, and 
distil, noting the temperature. 

A question which we may fairly ask concerning the structure 
of ethyleue is this : Doea it consist of two groups CH^, or of 
a methyl group, CHj, and CH? la it to be represented by the 
formula CH,.CHj or CHa-CH? Perhaps toe clearest answer 
to this question is found in the fact that the chloride formed by 
addition of chlorine to ethylene, and that formed by replacing 
the oxygen in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 
represented by the formula CH,.Cjj. Hence, as has been 
pointed out, the chloride obtained from it must be represented 
thus, CHs-CHCL. Hence, further, it appears highly probable 
that the isomeric chloride obtained from ethylene must be 
represented thus, CHjCl.CIIsCl. Now, as this substance is 
formed by direct addition of chlorine to ethylene, ethylene has 

CH, CH, 

the formula | , and not I 

CH, CH 

As regards the relation between the two carbon atoms of 
ethylene we know nothing, save that it is probably different 
fVom that which exists between the carbon atoms of ethane. 

CH, 
It is usually represented by the sign = ; thus, ii . "We must 

CH, 
necessarily leave the question open as to the relation between 
the carbon atoms in ethylene. If the al>ove sign is used, it 
sliould serve mainly as an indication of the kind of unsaturation 
met witli in ethylene, the compound in whose formula it i!i 
written having the j>ower to take up two atoms of bromine, a 
molecule of hydrobro.nic acid, etc. 
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The homologuee of ethylene bear the same relation to it that 
the homologues of ethane bear to this hydrocarbon. Propylene 

CH.CH, 
is methyl-ethylene, I , just as propane is methyl-ethane, 

OHj.CH, '^^ CH.CH, C(CH,), 

I . Butylene is dimethyl-etbylene, I , or i , 

CH, CH.CA CH.CH, CH, 

or ethyl -ethylene, * . That is to aay, in other words, 

in the hydrocarbons of the ethylene series the ethylene condi- 
tion between carbon atoms occurs only once. 
The higher members of the series need not be considered. 



Alcohols, CnHjnO- 

These alcoliols bear to the ethylene hydrocarbons the same 

relation that the alcohols of the methyl alcohol series bear to 

the paraffins. Only one is well known. This is the second 

member coneeponding to propylene. 

AUyl alcohol. OjHsOC^ CHi.CH.CH,OH). — This alcohol 
is formed in several ways from glycerin. 

1. By inti'oducing two chlorine atoms into glycerin in the 
place of two hydroxyls, thus getting dichlorhydrin, CtH,Clt ■ OH : 

CHPH CHjCl 

CHOH + JI^J = CHCl + 2 H,0 ; 
I H*-' I 

CHjOH CHjOH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CHjCl CHj 

I I 

CHCl + 2 Na = CH +2 NaCl. 
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2. By treating gljcerin with the iodide of phosphorus. This 
gives allyl iodide, C3H1I. By treating the iodide with silver 
hydroxide it is converted into the alcohol. 

3. Moat readily hy treating glycerin with oxalic acid, as in 
the preparation of formic acid. The mixture is heated to 220° 
to 230°, when allyl alcohol passes over. 

It is manufactured in this way on the large Bcalc for the pur- 
pose of making artificial oil of mustard. The reactions involved 
are quite complicated. 

Allyl alcohol is a liquid boiliug between 99° and 100". It 
has a penetrating odor. 

Nascent hydrogen, from zinc and hydrochloric acid, converts 
it partially into propyl alcohol : — 

CsHj.OH + H, = CaHj.OH. 

The relation between allyl alcohol and propyl alcohol is the 
same as that between ethylene and ethane. 

Allyl alcohol, tike ethylene, unites directly with bromine, 
hydrobromic acid, etc., the products being substitution-products 
of propyl alcohol : — 

Cift.OH + HBr = CjH^r.OH, 

Uonabrom-propyl Blmbal. 

C^j.OH + 2Br = CaH^Bra-OH. 

Allyl compounds. — Among the derivatives of allyl aleo- 
liol which are of special interest is aUyt sulphide, {C^s)Sf 
which is the chief couetitueut of the oil of gorlic. It may be 
made artificially by treating allyl iodide with potassium sul- 

^ " ** ' ~ 2 CsHjI + KjS = (C^H,)^ -I- 2 KI. 

It is au oily liquid of a dis^reeable odor. 

Allyl mustard oil, SCN.CjHj. — Under the head of 

Sulpho-cyanates mention was made of a aeries of isomeric 
bodies called isosulpho-ct/anates or mustard oils. The sulpho- 
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cyanatea of the alcohol radicals are made from potassiam 

snlpho-cyanat«. Tliiin, methyl eulpho-cyanate is made by 

intxtng together potaAeium methyl-sulphate and potassium 
Hulpho-cyanate, and distilUng: — 

NCfeK + j^^^'^lsOa = K,S04 + NCSCH,. 

The mustard oils, on the other hand, are made by a compli- 
cated reaction from carbon bisulphide and substituted ammonias. 
The conduct of the sulpho-cyanates led us to the conclusion 
that they must be represented by the formula NC— SR, while 
that of the isosulpho-cyanates or mustard oils led to the for- 
mula SC— NR, as representing their sti'ueture. AUyl mustard 
oil is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 178) in 
mustard seed. From the glucoside it is formed by fermenta- 
tion. It is formed by treating allyl iodide with potassium 
Bulpho-cyanate. We would naturally expect this inaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the sulpho-cyanates. 

Allj'l mustard oil is a liquid, boiling at 150.7°, and having a 
penetrating odor. 

With zinc and hydrochloric acid it ia converted into allyl- 
amiue, NHi.CgH,, hydr<^en sulphide and carbon dio::£ide. This 
reaction indicates that in allyl mustard oil the radical allyl is in 
combination with the nitrogen and not with the aulfflnr. 

Note poh Student. — What change do the mustard oils lu geoeriil 
undergo When treal«d with nascent hydrogen? Wiat change do the 
sulpho-cyanates undergo under the same circumstances? 

Acrolein, acrylic aldehyde, CjH,0(= CHi.COH). — Acro- 
lein may be made by careful oxidation of allyl alcohol. It is 
formed by the dry distillation of glycerin which breaks up into 
water and acrolein ; — 

CoHA = CaH^O 4- 2 HgO. 
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It is, hence, formed also by heating the ordinary fats, the 
peculiar penetrating odor noticed when fatty substancea are 
heated to a sufficiently high temperature being due to the forma- 
tion of acrolein. It is prepared best by heating glycerin with 
acid potassium sulphate. 

Experiment 52. In a test-tube mix anhjdrons glycerin (1 part) 
and acid potassium sulphate (2 parts), and heat tlie mixture. Pass 
tlie vapors through a beut tube into water contained in another test- 
tube. Notice the odor. Try the effect on a dilute solution of nitrate 
of silver. What is the meaniug of this reaction? 

Acrolein is a volatile liquid which boils at 52.4°. It has an 
extremely penetrating odor, and its vapor acts violently upon 
the eyes, causing the secretion of tears. 

Acrolein takes up oxygen from the air, and is converted into 
the corresponding acid, aci-ylic add, CaH^Oj (which ace). 

It takes up hydrogen, and is tlius converted into allyl alcohol. 

It takes up hjdroehtoric acid, and is converted into jS-chlor- 
propionic aldehyde ; — 

C^j.COH + HCI = CH,C1.CH5.C0H. 

Prtjhlor.ptopionic Bldehydo. 

The first two reactions are characteristic of aldehydes in 
general ; the last one is characteristic of unsaturated compounds 
belonging to the ethylene group. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites with ammonia forming acrolein-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. 

Acids, C„HsB_iiO,- 

Running parallel to the ethylene series of hydrocarbons, and 
bearing the same relation to it that the fatty acid series bears 
to the paraffins, is a series of acids of which the first member 
is acrylic acid, CsHjO,, Several members of the series are 



known, 
table :- 
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The principal members are named in the subjoined 

ACRYLIC ACID SERIES. 
Acids, C„H^_A- 

Acrylic acid CsH^Oj. 

Crotonic " C^H^Oa. 

Angelic " CJIgO^ 

Hydroaorbic " CgHuO,. 

Teracrylic " C,HuOi. 

Cimic " CiiHaO,. 

Hypog£eic " CiaHsoOj. 

Oleic " C,»H»,0,. 

Erueio " CJStiOf 



Of most of the higher members of the series several isomerio 
modifications are known. Only a fevf of tiiese acids will be 
considered here. 



Acrrlio acid. C3H,0j(=CHi.CH.C03)-— This acid has 
already been mentioned in connection with hydracrylio acid, 
which, when heated, breaks up into acrylic acid and water : — 



CH,.OH.CH,.0OsH,= 

HydnwcTlla aoid. 



CH,.CH.CO,H + HiO. 

AnTfUs iwld. 



Note for Student. — Tbis reaction la analogons to that whlcb 
takes place when ordtnarj alcohol Is converted Into ethylene. In what 
does the analog consist? What acid Is Isomeric with bjdracrylic 
acid? How does it conduct itself when heated? Compare the trans- 
formattOD of hydrocryllc acid into acrylic acid with that of malic into 
roalcio and fumade acids, and with that of citric into aconltlo acid. 

Acrylic acid may be made by careful oxidation of acrol^O 
with silver oxide. The relatione between propylene, CjQ« 
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allyl alcohol, CsHj.OH, acrolein, CiHa-COH, and aerjUc odd, 
-CjHj.COaH, are the same as those between any hjdrocai'bon of 
the paraffin series, and the corresponding primary alcohol, 
aldehyde, and acid. 

Acrylic acid may be made further by treating jS-iodo-propl- 
onic acid with alcoholic potash : — 

CHJ .CHj.COjH = CHj .CH .CO^H + HI. 

Note fob Stopbjut.- 
ethylene ia made from eti 

Acrylic acid is a liquid having a pungent odor, lu boils at 
110°, and solidifies at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hydi'l- 
odic acid unites directly with it, forming ^-iodo-propionic acid. 



Many derivatives of acrylic acid have been studied, bnt they 
need not be taken up here. 

Crotonio acid, CMtOi — Crotonic acid is made from allyl 
cyanide, the reactions involved being represented by the 
following equations: — 

CaHjI + KCN = C,IIs.CN + KI ; 

Allfl lodids. ALI7I ejsclde. 

CaHj-CN + 2HjO = CaHsCO^H + NHj. 

Crolonic bcW. 

It may be made also by distilling ^-hydroxy-butyric acid, 
CHg.CH{0H).CHi.C02H, wlien a reaction takes place similar 
to that involved in the preparation of acrylic from hydraoylic 
acid. Further, it may be made by treating a-brom-butyric acid 
with alcoholic potash. 

Oleic acid, G^sHj.Os. — This acid was spoken of in con- 
nection with the fats, it being one of the three acids found 
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moat frequently in combination with glycerin, Olelu, or 
glyceryl tri-oleate, is the liquid fat, and is the chief constituent 
of the fatty oile, such as olive oil, whale oil, et*. It is con- 
tained also in almost &11 ordinary fats. In the preparation of 
stearic acid for the mannfacture of candles, the oleiin is pressed 
out of the fats. To prepare the acid, olein is saponified, and 
the Boap then decomposed with hydrochloric acid. 

Note for Student. —Give the equatloos repreaenting tiie reac- 
tloDBiavoIvedin passing from o1i?Tq, or glyceryl tri-oleate, to oleic acid. 

Oleic .icid is a crystallized sabstaace which melts at a low 
temperature (14°). It unites with bromine, formiug bibrom- 
atearic acid. Hydriodic acid converts it into stearic acid : — 



POLTBASIC AcroS OF THE EtHYXENE GrOCP. 

There are a few bibasic acids which bear to the ethylene 
hydrocarbons the same relations that the members of the oxalic 
acid series bear to the paraffins. They may be regarded as 
derived from the hydrocarbons by the introduction of two 
oavboxyl groups. 

Aoids, C,H,(CO,H)3. — There are two acida of this formula, 
both of which have been mentioned. They are fumaric and 
mxdeie adds, which are formed by the distillation of malic acid. 

Note for Stddbnt. — What is the reaction? 

Fumaric acid may also be made by treating brmn-snccinic 
CHBr.COjH 
acid, I , with alcoholic potash. 

CHj.COiH 

Note for Student. — What Is the reactioa? 

Both fumaric and malei'e acida are converted into succinic 
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acid by naficent hydrogen, and into brom-succinic acid by 

hydrobromie acid. The character of the isomerism of these 

two acids is not understood. Their easy transformatioQ into 

succinic acid and brom-succinic acid shows that the formula, 

CH.COjH 

> applies to both of them. 

CH.COjH 

AoidB, CjHsO,, — There are three acids of this formula, all 
of which are obtained, either directly or indu^ctly, from citric 
acid. They are known aa Uaconic, dti-aconic, and mesaconic 
acids. They bear tlie same relation to pyrotartaric acid, 
C,Hg< J^nTTi thatfnmaric and maleic acids bear to Bnccinic acid. 
All are converted into pyrotartaric acid by treatment with 
nascent hydrogen. 

Aoonitic acid, [CVH^OsC- CjHjCCOjH),)]. — Aconitic acid ia 
the only tri-baaic acid of this gronp that need be mentioned. 
As has been stated, it is formed when citric acid is heat«d to 
175°. It is found in nature in aconite root, and in the sap of 
sugar-cane and of the beet. 

Nascent hydrt^en converts it into tri-carballylic acid, 
CiH,(COsH)s. 

AcETYi-ENE AND rrs Derivatives. 
The principal reactions by means of which we are enabled to 
pass from a hydrocarbon of the paraffin series to the corre- 
sponding hydrocarbon of the ethylene series consist in intro- 
ducing a hal<^en into the paraffin, and then ti-eatiog the 
mono-halogen substitution-product with alcoholic potash : >— 

CjH^r = CjH^ + HBr. 
The effect of these two reactions is the abstraction of two 
hydrogen atoms from the paraffin. The following questions 
therefore suggest themselves : — 

Suppose a dibrem substitution-product of a paraffin be heated 
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with alcoholic potash ; will the effect be that represented by 
the equation 

CaH^rj = C|,H, + 2HBr? 

And, flirtber, suppose a mono-substitution product of an 
ethylene hydrocarbon be treated with alcoholic potash ; will the 
effect be that represented by the equation 

Cyi^r = CaHj + HBr? 

If so, it is plain that we have it in our power to make a new 
series of hydrocarbons, the members of which shall bear t« the 
ethylene hydrocarbons the same relation that the latter bear to 
the paraffins. The general formula of this series would be 
CnHja-j, that of the ethylene series beir^ CnHj,,, and that of the 
paraffin series, CnHjn+j. 

A few members of the hydrocarbon series, CnH[„_j, are 
known, though only one is well known, and only this one need 
be considered. 

Acetylene, G3:- — Acetylene is formed by direct combina- 
tion of hydrogen and carbon when a current of hydrt^en ia 
passed between carbon poles, which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gae and some other substances 
are burned in an insufficient eupply of air ; and when ethylene 
bromide is treated with alcoholic potash : — 

C5H,Br2 = C^H^ + 2 HBr. 

It may be prepared most conveniently by the incomplete com- 
bustion of coal gas. 

Experiment 63. — LlgMaBnnsen burner at the base, and turn It 
down so that the flame ia small. The condition Is the same as that 
observed when a burner "strikes back." The odor noticed, which ta 
familiar to every one who has worked la a chemical laboratory, is 
that ol acetylene, which is mixed with the products given off from 
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the burner- To collect the gas, arrange nn apparatus as sliown In 
Fig. 13. Place the glass funnel over the bnmer, from which acety- 
lene is given off. In B put a strong solution of ammonlacal cuprous 
chloride prepared as follows; Make a saturated solution of 1 part 
common salt and 2) parts crystallized copper sulphate. Saturate with 
sulphur dioxide. Filter, and wash with acetic acid. Dissolve the 
white cnproua chloride Id ammonia. 



Connect tbe apparatus at C with gome kind of aspirator (suction- 
pump, a gasometer filled with water, etc.), and draw the gases slowlj 
through the solution. The acetylene will be absorbed by the copper 
solution, and a precipitate formed (see Exp. Hi). 

Acetylene is a gaa of an unpleasant odor. It bums with a 
luminous, sooty flame. 

When heated to a Bufflciently high temperature, it is con- 
verted info the polymeric substances, benzene, CgHj, and sty- 
rene, CgHg. It unites with hydrogen to form ethylene and 
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ethane. It nnites with nitrogen, under the influence of the 
sparks from au induction coil, forming hydrocyanic acid: — 

C,Hj + 2N = 2HCN. 

Acetylene forma some curious compounds with metals and 
metallic oxides. Among them may be mentioned the copper 
compound obtained in Esp. 53. This has the composition, 
CjHj.CujO, being a compound of acetylene and cuprous oxide. 
It is a reddish-brown substance which is insoluble in water. 
When dry, it explodes violently at 120°, Hydrochloric acid 
decomposes it, acetylene being evolved. 

Fxperlnient 54. Filter off the preclpilatc obtained in Exp. S3, 
anil wash It until the wash'Wntcr runs through colorless. Bring the 
prucJpltatc, together witli a little water, into a, flask furnished with a 
funnel-tube and a dell very- tube. Slowly ndd coucentrated hydro- 
chloric acid, and notice the evolution of gas. Collect some of it 
in a small cylinder over water, and bum it. 

Acetylene unites with bromine, forming the com|X)Und 
CiH,Br(, tetra-brom-ethane. It unites with hydrobromic and 
hydriodic acids, forming substitution -products of the satu- 
rated hydrocarbons: — 

C,H, + 2 HI = CiUJf 

Most of the higher members of the acetylene series of hydro- 
carbons bear to acetylene the same relation that the higher mem- 
bers of the etbylene sei'ies bear to ethylene. The first one is 

C.CHj 

Alhjlene <yc methyl-acetylene . . . . | ; 

the second is 

C.C^ 
Ethyl-acetylene 



at IHmetkyl-acetylem 



CH 

CCHj 



C.CHg 
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It should he noticed in this connection that there is a hydro- 
carbon of the formula C,Hs, which, strictly speaking, is not 
a homolc^ne of acetylene, though it ia very closely allied to 

CH = CH, 
ilinn'thyl-aeetylene. It has the formula I 

CH=CH, 
The homologuee of acetylene may be divided into two 
classes : — 

1. Those which are obtained from acetylene by the replace- 
ment of one or both the hydrogen atoms by saturated radicals, 
such as methyl, ethyl, etc. These may be called the true homo- 
loguex. They all retain the condition peculiar to acetylene. 

2. Those in which the ethylene condition occurs twice, as in 
the hydrocaibons of the formulas 

CH=CHj C(CHa)a 



These may be called dietkytene derivatives. 

We know nothing regarding the relation between the carbon 
atoms in acetylene. It ia commonly represented by three lines 

CH 
(=),orthreedots(-). Thus, acetylene is written |,| or CHjCH. 

CH 
Like the sign for the ethylene condition, it should not be inter- 
preted too literally. It is best to regard it as the sign of a 
condition best illustrated in acetylene, and which may therefore 
Ik) called the acetylene condition. We recognize this condition in 
a compound by the power of. the compound to take up four atoms 
of a halogen, or two molecules of hydrobromic acid and similar 
adds; though, as we have seen, these reactions are not distinc- 
tive for the acetylene condition, for the reason that the diethy- 
lene compounds have the same power. 

Ppopargyl alcohol, C3H1O. — This alcohol is mentioned 
merely as an example of alcohols which are derived from the 
acetylene hydrocarbons. It is the hydroxyl derivative of 
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allylene, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, CjHjBr.OH, with alcoholic potash : — 

CjHjBr.OH = CaHs-OH + HBr. 

Acids, C„H„_,0,. 
These acids are the carboxyl derivatives of the acetylene 
hydrocarbons, and hence differ from the members of the 
acrylic acid series by two atoms of hydrc^en each, and from 
the members of the fatty acid series by four atoms of hydro- 
gen each. 

/OH \ 
Propiolic acid, CjHjOJ = I I. — The bromine and 

^ C.COiH'' 
(.-hlorine substitution -prod nets of this acid arc more easily made 
and are better known than propiolic acid itself. Chlor-propio- 
lic acid is obtained by treating dichlor-acrylic acid with baryta 
water ; — 

CHClj.COsH = C^CI.COiH + HCl. 

/ C.CH, N 
Tetrolic acid, CHiOjl^ I I, is obtained by treating 

V C.COjBV 
^-chlor-erotonic acid with caustic potash : — 

CCl.CHs C.CH, 

I = I + HCl. 

CH.COjH C.COjH 

Sorbic acid, C(aO,(= CsH,.COjH). — This acid occurs in 
the unripe berries of the mountain ash. It takes up hydrc^cn 
and yields hydromrbtc add, a member of the acrylic acid series 
(see table, p. 218). It also takes up bromine, the final product 
of the action being an acid of the formula CjHfBr^.COjH. With 
hydrobromic acid it forms dibrom-eaproic acid : — 

CHj.CO^ + 2 HBr = C^HeBrj-COaH. 

Dibram-ciprolo acid. 
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Leinoleio acid, Ci6HaO,(= 0,;H„.COiH).— This acid occurs 
in the iform of an ethereal salt of glycerin in linseed oU. It may 
be obtained from linseed oil by saponification. It is an oily 
liquid, one of the most marked properties of which is its power, 
to take up oxygen from the air, being thus transformed into a 
solid substance. Linseed oil itself has this property of harden- 
ing or drying. It is the principal substance belonging to the 
class of drying oils. The oil is used extensively aa a constituent 
of varnishes and of oil paints. 



Valylene, CjHb. — We have thus far had to deal with three 
series of hydrocarbons of the general formulas CcIIsb^.;, CnHs„, 
and C„H^_,. We naturally inquire whether thei-e is a series of 
the general formula C|,H^.,. A few members of the series have 
been prepared by abstracting bydrt^en fi-om ceiiain of the acety- 
lene hydrocarbons by the action of alcoholic potash on the bro- 
mine derivatives. Thus, valylene, CjHj, has been made by 
treating valerylene bromide, CsHgBr,, with alcoholic potash : — 
C,H,Br2 = CjHg + 2 HBr. 

It is a liquid. Its most characteristic property is its power to 
unite with bromine to form the saturated comiwund CgHfErg. 

Dipropargyl, CeHs. — Dipropargyl is obtained from the 
compound dibrom-diallyl, CjHgBrj, by boiling with tJcoholio 
caustic potash : — 

CeHsBra = CsHa + 2 HBr. 

It unites very readily with bromine, forming, as the final 
product of the action, the compound CaHaBr,, which is an 
octo-bromine substitution -product of hexane, CbHh, 



The unsaturated hydrocarbons and their derivatives thus far 
considered are obtained by simple reactions from the saturated 

C,q,t,=cdbvC00g[C 



228 UKSATUKATED CABBON COMPOUNDS. 

compounds, and they all have the power to take up readily 
bromine, liydrobromic acid, eto., aud tltos to pass back to the 
Biitiirated condition. Whatever the real nature of the relation 
between the carlxin atoms in all these unsaturated hydi-ocarbone 
may be, it certainly is easily changed to the condition which 
exista in the saturated compounds. There are several hydro- 
carbons, however, which are unsaturated but which are not 
easily converted into derivatives of the saturated hydrocar- 
bone. Altliough under some circumataQces they with diffi- 
culty unite directly with the halogens, they do not taice up 
enough to convert them into derivatives of the paraffins ; and 
the products which are formed are unstable, easily giving up 
the halogen atoms with wliich they united. The simplest 
hydrocarbon of this new kind is the well-known benzene, 
which is isomeric with dipropargyl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstraction of hycirogen by the 
reaction chiefly used can be pushed further than it has thus 
far been pushed. Can we, in other words, by means of this 
reaction get hydrocarbons of the formula C„H2n_g which have 
the power to unite directly with ten atoms of bromine? Snch 
hydrocarbons have not been prepared. Hydrocarbons of the 
formula C„Hi„.8 are known; but they are not made from the 
paraffins by abstractii^ hydr<^en, and they are not converted 
into substitution-products of the paraffins by the addition of 
halogens and halogen acids. The compounds which liiive 
been considered fall under five general heads, according to tliu 
formulas of the hydrocarbons. These heads are, — 

1. Hydrocarbons, C„H^ + j, the. paragina and their derivatives. 

2. Hr/drocarbons, C„H2„, or olefins aJid their derivatives. 

3. Hydrocarbons, C„Hii„.2, or the acetylene hydrocarbons and 

their derivatives. 

4. Hydrocarbons, C„'S^_^, and tlieir derivatives. 

5. Hydrocarbons, CJit„_t7 and tJi^r derivatives. 
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Thia classiflcation, while strictly correct, is misleading, inas- 
muth aa it conveys no idea in r^ard to the- relative importaDce 
of the compounds of the different classes. Aa we Lave seen, 
the only compounds whose treatment required much time are 
those of the first claaa. These compounds stand out promi- 
nently, -Mid arc distinguished by tile frequency of their occur- 
rence and their great number. The compounds of the second 
class are much less numerouely represented, and but a small 
number of them are familiar substances. While a. few sub- 
stances belonging to the third class are Imown, our knowledge 
in r^ard to the class is much more limited than even that 
of the second class. Finally, as regards the fourth and fifth 
classes, the few repreeentativee of them that are known are at 
present scientific cnrioeitjes. Thus, after we leave the parafBn 
derivatives, our knowledge dwindles away very rapidly when 
we ijass to the following claaflea, until it ends with a single 
ctHnpound in the fifth class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side with the group of paraffin derivatives. 
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CHAPTER XIV. 

THE BBNZBKB SERIES OF HTDROCAEBONS. — 
AROMATIC COMPOUNDS. 

The fundan»ental siibstaDce of this gronp is benzene, C»Hg, 
wtiich bears to the group the same relation that niarsh gas 
bears to the groHp of paraffin derivativee. Benzene, together 
with some of its hoinologues, is a pi-odoct of the distillation of 
bituminous coal, and is, therefore, contained in coul tar. As 
coal tar is the raw material from which all benzene derivatives 
are obtained, it will be well briefly to consider the conditioDS 
of its formation and the method of obtaining pure hydrocarbons 
from it. 

Coal tar is a thick, black, tarry liquid, which is obtained in 
the manufacture of illuminating gas from bituminous coal. 
The coal is heated in retorts, and alt the products passed 
through a series of tubes called crmdensers. These are kept 
cool, and in them the liquid and volatjle sobd products are con- 
densed, forming tc^ether the coal tar. It is an extremely com- 
plex mixture, fi-om which a great many substances have been 
obtained. Among those most readily obtained from it are the 
hydi'ocarbons of the benzene series, as well as the hydrocarboaa 
naphthalene and anthracene, both of which are important sub- 
stances. 

When the tar is heated, of coarse the most volatile liquids 
pass over first. These are collected in vessels containing water. 
The first portions of the distillate float on wat«r, and constitute 
what is called the light oil. After a time hydrocarbons and 
other substances of greater specific gravity than the light oil 
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pass over. These portions sink under water, and constitute the 
heavy oH. 

The light oil is treated with caustic soda, which removes 
phenol (carbolic acid) and similar substances, and with 
aulphuric acid, which removes certain baaic compounds. Tlie 
residue is then subjected to fractional distillation, by which 
means the first two members of the scries can be obtained in 
very nearly pure condition. As these hydrocarbons form ttie 
basis of a number of important industries, they are separated 
from coal tar on the large scale. 

The principal members of the series are named in the table 
below. 

HYDROCARBONS, CdH,.^ 
Benzene Series. 

Benzene C«H,. 

Toluene CrHg. 

Xylene CaH^. 

Mesitylene ) q^u 

Faeudocumene i "* 

Durene ) >-, o 

Cymene J 

Hexa^metbyl benzene . . . . . C^H^. 

Benzene, GsHg. — Benzene is prepared, as above described, 
from the light oil obtained ftom coal tar. It is also prepared 
by heating benzoic acid with lime, when the acid breaks up 
into carbon dioxide and benzene : — 

CH^j = C,H, + COj. 

Note fok Student. — What is the analogoDS method for the 
preparation of marsh gaa? 

Benzene has been made further by simply healing acetylene ; 

3 C^ = CaH,. 
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To purify the hydrocarbon obtained by fractional distillation 
from light oil, it is cooled down to a low tenn>erature, and that 
which does wot solidify ia poured off. Tlie crystals are pressed 
in the cold between layers of bibulous paper, and are then very 
nearlj- pure benzene. This may be further purified by treat- 
ment with sulphuric acid, which i-emoves a small quantity of a 
snbstancc containing sulphur, and known as tkiophene. Per- 
fectly pure benzene in obtained by distiUii^ pure benzoic acid 
with lime. 

Experiment G5. Mix Intimately G(K benzoic acid and lOCU quick- 
lime, and distil from a flask conuecteil witb a conilenser. Sec that the 
materials and apparatus arc dry. Add a little calcium chloilde to the 
dinilllate ; and, after it has stood tor au hour or two, redistil It from 
an appropriate sized distilllng-bulb, noting the tempei'atnrc at which it 
boils. Put the redistilled hydrocarbon in s test-tube, and surround it 
with a freezing mixture. 

Experiment 56. — In most places where there are gas-works It will 
not l>e difllcult to get a quantity of ligiit oil The separation of some 
of thl^ Into benzene and toluene, and the puriflcntloii of the two hydro- 
carlions, is the best possible introduction to a study of the aromatic 
compounds. The benzene and toluene thus obtained may be used In the 
preparation of a numl>er of typical derivatives accordhig to methods 
which win be described. In f taction I ng the light olU it will be obsei-red 
that there Is a tendency to an accumulation of the di»tltlat«s In the 
parts boiling near 80' (the bolllug-point of benzene) and 110° (the boil- 
ing-point of toluene). The final purification of the benzene should be 
efl^t«d by freezing and pressing, as described above. The tolnene 
should bedlstllleduntilby redistillation Its boiling-point Is not changed. 

Benzene is a colorless liquid which boils at 80.5°. It has a 
peculiar, pleasant odor. Several of the homologues of iKDzeno 
have a similar odor. Hence the name aromatic compounds was 
given to them originally, and it is still in general use. Benzene 
is lighter than water, its specific gravity being 0.899 at 0°. It 
burns with a bright, luminous Qame. 

Enperlment 57. — Four a layer of benzene on water tn a smaU 
evapora ting-dish. Set fire to It. 
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At 0° benzene solidifies, forming rhombic prisms. It is an 
excellent solvent for oily and resinona substances.* 

Chemiccd conduct of benzene, and hyprAhesia regarding its 
slruclure. In the light of the knowledge we have already 
gained in studying hydrocarbons which contain a smaller pro- 
portion of hydi'ogeu than the paraffins do, we would naturally 
expect to find that benzene can easily be converted into a 
derivative of hexane. We would naturally expect to find 
that it unites with bromine, just as dipropargyl does, to 
form an octo-turom-hexane thus, — 

CaH« + Brg = C,H,Bra; 
with hydrobromic acid to form tetra-brom-hexane thus, — 

C^ + 4HBr=: CflH^Br,; 
and probably with hydrc^en to form hexane, — 

CaHg + 8 H = CeH,4. 

But none of these reactions taltes place. Hydrobromic acid, 
which acts so readily on all the unsaturated compounds hitlierto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takes place with the saturated parnffius. It is 
mtbstitution, and not addition. Thus, bromine forms mono- 
brom-benzene, CflHjBr, under ordiBary circumetaucea. If, 
however, the action takes place In the direct sunlight, a prod- 
uct is formed which has the formula CgH^Bro, known as 
benzene hexabromide, and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable com- 
pound, — much less stable than benzene. When heated, it 
breaks up, partly according to the equation 

CaHsBr„ = CaHsBra + 3 HBr, 
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the chief product being a substitution-product of benzene, — 
tri-brom- benzene, CjHaBrj. 

Treated with hydriodic acid, benzene takea up six atoms of 
hydrc^en, and yields a liydrocarbon, CgHu, which, however, does 
not act like a member of the ethylene series, as it appears to 
have DO power to take up bromine, etc., and shows a marked 
tendency to pass bacli into benzene, particularly under the iuflu- 
euce of oxidizing agents. 

The facte mentioned show clearly that benzene differs in some 
way fiindamen tally from all the hydrocarbons which have been 
considered. But these facts are not sufficient to enable us to 
form a hypothesis in regard to ita structure. On studying the 
munv substitution- products of benzene, however, we soon become 
ai-qnaint«d with facts of a different order and of the highest tm- 
poitaiice. 

It will be remembered that our theorj' in regard to the rela- 
tions of the paraffins to each other 13 based upon the fact, that 
only one mono-substitution product of marsh gas can be obtained 
with auy given substituting agent. There is but one chlor- 
niethane, but one brom-methane, etc. This fact leads us to 
believe that each hydrogen atom of marsh gas hears the same 
relation to the cio'bon atom, or that marsh gas is a symmetrical 
<'ompound. A similar conclusion has been reached in regard to 
benzene ; and it is based upon a most exhaustive study of the 
substitution-products. Notwithstanding almost innumerable 
efforts to prepare isomeric mono-substitution products of ben- 
zene, no such isomeric substances have been prepared. There 
is but one mono-brom-benzene, but one mono-chlor-benzene, 
etc., etc. Further, mono-brom-benzene has been prepared by 
replacing the six hydrogen atoms of benzene successively by 
bromine ; and the product has been found to be the same, no 
matter which hydrogen is replaced. As this fact is of funda- 
mental importance, it will be well to consider how it is possible 
to replace the six hydrogens successively, and to know that in 
each case a difl'erent hydrogen atom is replaced. While it would 



load us too far to consider this subject in detail, the principle 
made use of CMi be made clear in a few words : — 

We have a compound, the formula of whith is C«H,. Write 
it thus, CgHHHHHH, numbering thu hydrogen symbols to facil- 
itate reference to them. The problem is to replace, say H, by 
bromine ; in a second case, to replace H by bromine ; in a 
third, H, etc ; and to compare the six mono-brom-benzenes thus 
obtained. Suppose we treat benzene with tHX>mine. We get 
a mono-brom-benzene, and we know that one of the hydrogen 
atoms is replaced by bromine, but of course we cannot tell 
which one. We may assume that it is any one of the six 
represented in tlie above formula. For the sake of the argu- 
ment, call it H. Our compound is therefore C,BrHHHHH. 
Now treat this compound with something else which has the 
power to replace the hydrogen, say nifrie acid. A second 
hydrogen atom is replaced by the nitro group NOj. A^nin, 
we do not know which one of the hydrc^en atoms is replaced 
in this operation, but we do know that it is a different one 
from that which was refplaced by the bromine in the first 
Ojperatioii. Call it H. We have, therefore, the compound 
CeBr(NOj)HlIHH. By treating this compound with nascent 
hydrogen, two reactions take place, the chief one for our 
present purpose being the replacement of the bromine by 
hydrogen. In other words, H is put back into the com- 
pound again, and we have C6H(N02)HHHH. By means 
of two reactions which will be considered a little later it is 
a simple matter to replace the nitro group by bromine. This 
done, we have the compound CgHBrHHHlI, or a mono-brom- 
bcnzeue, in which the bromine certainly replaces a different 
hydrogen atom from that replaced by direct substitution. The 
two products are, however, identical. The aboi-e explanation 
will serve to make the principle clear which is involved in the 
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stad^ of the relations which the hydrogen atoms conttuned id 
henzene bear to the molecnle. The principle has heen applied 
£nccessf\illy to all the hydrt^en atoms, and, as already stated, 
the result is the proof that all these hydrc^en atoms hear tiie 
i»aine relation to the molecule. 

Thus far we have formed no conception in regard to the rela- 
tions existing between tbe constitLients of benzene. Can we, 
on the basis of the facts above stated, form any satisfactory' 
conception in regard to these relations 7 How can we imi^ine 
six carbon atoms and six hydrc^en atoms arranged so that all 
the latter shall bear the same relation to the molecule? The 
simplest conception is that each carbon is in combination with 
one hydrogen, and that the six carbon atoms are arranged In 
the form of a ring, and not, as in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, this conception is symbolized in tiie 
formula „ 




or, as the curved lines have no special s^niflcauce, the expres- 
sion becomes g 

I I 



This symbol, then, is the expression of a thought which is 
suggested by a study of the chemical conduct of benzene. 
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Before we can itccept it as probable, it mDBt first be tested by 
all the facts kuonn to us. If it is not in accordance with all of 
them, if it suggests possibilities which are not realized, then it 
nmet be discarded, and we must form some other conception in 
ri'^ard to the structure of benzene. 

lu the first place, then, does it accoaat for tiie addition 
products, benzene bexabromide, hexa-hydro-benzene, etc. ? The 
formula represents each carbon atom as trivalent, and we would 
expect, therefore, that each one could take up an additional 
univalent at^m, forming, in the case of bromine, a compound 
of the formula iig 

ErHC^ ^CHBr 

I i 

BrHCs, .CHBr 

HBr 
In which each carbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up more 
bromine. Hence, the last product of the addition of bromine 
to benzene should be benzene hexabromide ; and, in tbe same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and tbe hypothesis are 
iu harmony. 

Again, we may inquire : Of how many isomeric bi-snbstitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence F Numbering the hydrogens in the formula, we have : — 
(1)H 
(S)HC^ ^CH(2) 
(5)HC\ /CH(3) 
H(4) 
The hydri^euB (1) and (2), (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the same relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (4), or any other of 
the above-named pairs, the jjrodiict ought to be the same. We 
would get ft compound of whieL the following is the general 
expression, in which X represents any substituting atom or 
group : — 



X 

c 


1 1 
H 

Fomiala 1. 



In the second place, the hydrc^ens (1) and (3), (2) and 

(4), (3) and (5), (4) and (6), (5) and (1), and (6) and (2) 
bear to each other the same relation, but a different relation 
from that which the above pairs do. Replacing any such pair, 
wc would have a second compound, which is represented by 
the general formula 



HC 


^CH 


H 

f^imuun. 



Finally, there is a third kind of relation, which ie that between 

hydrogens (1) and (4), (2) and (5), and (3) and (6) ; and, by 
replacing such a pair, we should get a compound represented 
by the general formula _, 



I I 

HCv .CH 



b, Google 



The hypothesis suggests no other possibilities. We see tlius 
that the hypothesis indicates the existence of three, and onlj- 
three, classes of bi-substitution products of benzene. There 
ought to be three, and only three, bi-cblor-benzenes ; tlirce, 
and only tiiree, bi-brom-benzenes, etc. 

The di-subatitution products have been studied very exhaust- 
ively for the purpose of determining definitely whether the 
conclusion above reached is in accordance with the facts ; and 
it may Ije said at once, that every fact thus far discovered is in 
harmony -with the hypothesis. Three well-marked classes of 
isomeric di -substitution products of benzene are known, and 
only three ; and many representatives of the three classes have 
b^'en studied carefully. There are many other facta of less 
importance known which furnish arguments in favor of the ben- 
zene hypothesis expressed in the formula above discussed, but 
this is not the place to consider them. Let it suffice, for the 
present, to recognize 'that the hypothesis ia iu accordance with 
the most important facts known to us. 

There is one point which has not been touched uimn, and 
that is the relation of the carbon atoms to each other. In 
regard to this, as well as to the relation between the carbon 
atoms in ethylene and acetylene, we know nothing. The 
formula is commonly written thus: — 

H 

I II 



which indicate that the carbon atoms are Joined together 
alternately by simple and by double bonds. This formula, 
however, expresses something about which we know nothing, 
and coDcerning which it is difficult, at present, to form any 
conception. The simple formula 
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I I 

HC. yCH 

H 

leaves the question as to the relation between the carbon atoms 
entirely open, as it is in fact. 

■The benzene hypothesis has thus been cousidered pretty fully 
for the reasons, that it has played an extremely important part 
in the study of the benzene derivatives, that its use ser\-es 
greatly to simplify the study of these derivatives, and that in 
most text-books, whether elementary or advanced, the hypothesis 
is merely stated, white the student is left to find out fur himself 
its meaning, and this be generally fails to do. We may now 
return to a study of the facts upon which the hypothesis is 
founded, and of which the formula is the symbolic expression. 



Toluene, C,H8(= CbH^.CHa). — Toluene was known before 
it was obtained from coal tar, as it is formed by the dry dbtilla- 
tion of Tolu balsam, whence its name. Its relation to benzene 
is shown by its synthesis from brom-benzene and methyl 
iodide : — 

C^H^r + CHJ + Na, = C.Hj.CHj + NaBr + Nal. 

Note fob Student. —Compare this reaction with that used in the 
i-ynthesia of ethane from methane, of propane from ethane and 

methane, et«. 

According to this synthesis, toluene appears as methyl-henxene, 
or benzene in which one hydn^en is replaced by methyl ; or as 
plienyl-methane, or methane in which one "hydrc^en atom is re- 
placed by the radical phenyl, CgHi, which bears the same 
relation to benzene that methyl bears to marsh gas. 
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Tolnene is a colorlees liquid which boile at 110°; has the 
specific gravity 0.8824 at 0° ; and haa a pleasant aromatic 

■It is very susceptible to the action of reagents yielding a large 
number of But>stitutioii -products, some of the most important 
of which will be considered farther on. 

But one toluene or methyl -benzene has ever been discovered. 

Towards oxidizing agents its conduct is peculiar and interest- 
ing. The methyl is oxidized, while the phenyl remains intact. 
The product is a well-Itnown acid, benzoic acid, which, as we 
have seen, breaks up readily into carbon dioxide and benzene. 
It lias tlie composition C,H^2, and is the carbosyl derivative 
of benzene, CjHj.COjH. The oxidation of toluene is repre- 
sented by the equation 

CsHj.CHa + SO = CbHj.COjH + HjO. 

Xylenes, CgHiof^- CsH/CH,),]. — That portion of light oil 
which Iwils at about 140° was originally called xylene. It 
was afterwards found that this coal-tar xylene consists of 
three isomeric hydrocarbons. As the boiling-points of these 
three substances lie quite near together, it is impossible to 
separate them by means of fractional distillation. By treat- 
ment with sulphuric acid, however, they may be separated, 
and thus obtainetl in pure condition. They are known as 
ortho-xylene, meta-xylene, and para-xylene. 

Ortho-zylene resembles benzene and toluene in its general 
propeitiee, but boils at 142° to 143°. 

Meta-xyleae boils at 139.8°. 

Para-xylene boils at 136° to 137°. 

These hydrocarbons have also been obtained from toluene by 
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means of the reaction made use of for the purpose of converting 
benzene into toluene : — 

CUl4<^^ + CHal + 2Nft = C«H,<™= +NaBr + NaT. 

This shows that they are all methyl-Muenes. There are 
three mono-brom -toluenes, known as ortho-, meta-, and para- 
brom-toluene. For the preparation of ortho-xylene, ortho- 
brom-toluene is used ; meta-brom-toluene yields meta-xylene, 
and para-brom-toluene yields para-xylene. 

Ortho- and meta-xylene have also been obtained from certain 
acids, which bear to tbem the same relation that benzoic acid 
bears to benzene : — 

C(HJ CH, = C6H,(CH3)» + CO,. 
(.COjH 

The reaction by which meta-xylene is formed from mesUylenic 
acid is of special importance, as will be pointed out. 

By oxidation, the xylenes undergo changes like that which is 
illustrated in the formation of benzoic acid from toluene, and 
which consists in the trans formation of methyl into earboxyl. 
The first change gives acids of the formula CjHi < _„' , one 
corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into bibasic acids of the 

^CO,H 

" CO,H- 
of the same kind: — 

(1) CjHj.CHj -|-30 = C»Hs.C0,H + H^; 

(2) CA < chJ +^^ = ^'^* < Co'h "^ ^'*^ ' 
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The three monobasic acids of the formula *'«^*<co*H ^"^ 
known as orlho-toluic, meta-tol-uic, and para-toluic acids re- 
epcetively ; and the three bibasic acids obtained from theni 
are known as ortho-phtkalic, mefa-pktkalic, and para-pMhnlic 
acids. Starting thus fi-ora the three bram- toluenes, we get, 
first, three xylenes, then three toluic acids, and finally three 
phthalic acids. In each case, we distinguish between the 
three isomeric com]x>unds by the prefixes oriho, meta, and 
para. In a similar wa\-, all di-siibstitution products of ben- 
zene are designated. We thci'efore have three series into 
which all di-substitution pi'oduets of benzene can be arranged ; 
and these are known as the Ortho-series, the Mela-series, and 
tlie Para-series. In arranging them in this way, we may 
select any prominent di-substitution product, and call it an 
oii?U) compound; and then call one of its isomerides a mela 
compound, and the other a para compound. Having thus a 
representative of each of the three classes, the remainder of 
the problem consists in detennining for each di-snbstitution 
product, by means of appropriate reactions, into which one 
of the three representatiYes it can be transformed. If from 
a given compound we get the representative of the ortho 
series, we conclude that the compound belongs to the ortho 
Bcries ; if we get the representative of the meta series, we 
conclude that the compound is a meta compound; and if we 
get the representative of the para series, we conclude that 
the compound is a para com[>ouud. As representatives, we 
may select either the three xylenes or the three phthalic 
acids. Now, to repeat, any di-substitution product of ben- 
zene which can be convei'tcd into ortho-xylene or into ortho- 
phthalic acid is regarded as au ortho compound, etc. 

This classification of the di-substitution pi-oducts of benzene 
into tiie ortho, meta, and para series, by means of chemical 
transformations, is entirely independent of any hypothesis re- 
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garding the nature of benzene. We may now ask, however, 

which one of the three general expressions given above (see 
formulas I., II., and III., p. 238) represents the relation of the 
groups in the ortho compounds, which one the relation in the 
meta compounds, and which one the relation in the para com- 
pounds. If we can answer these questions for any three 
isomeric di-substitution products, the answer for the rest will 
follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes, "We have three xylenes and 
three foimulas ; how can we determine which particular form- 
ula to assign to each xylene? 

As may be imagined, this determination is by no means a 
simple matter ; and it has been the occasion of a great many 
investigations. Theoretically, the simplest method available 
consiste in carefully studying the substitution -products of each 
xylene, to discover how many varieties of mono-substitution 
pro<luct3 can be obtained from each. The formulas are : — 

CH, CHa CHj 

(4)HC-^ ^C.CHa (4)HC'^ ^CH(l) (4)HC'^ ^CH(l) 

(3)HCx /CH(l) CS)HC. /CCHj (3)HC. /CH(2) 

^c c c 

H H prr 

(2) (2) ^^^ 

Formnla I. Farmnla n. FormnU nt. 

Each of the four unreplaced benzene hydrogens of tlie xylene 
of formula III. bears the same relation to the molecule. It 
therefore should make no difference wliich one is replaced, the 
product ought to be the same. This should not be true of 
the xylenes represented by foi-mulas I. and II. That xylene, 
whose structure is represented by formula III,, ought therefore 
to yield but one kind of mono-substitution product. On study- 
ing the xylenes, we find the one which boils at 136° to 137°, 
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called para-xylene, yields but otic kind of moao-subslitiitioD 
products ; . that is, we call get from it only one mono-brom- 
xylene ; only one moKO-Aitro-xylene, etc. We therefore con- 
clude that pai-a-xylene is represented by formula III. above ; 
and, further, that formula 111., on p. 238, is the general ex- 
pression for all para compounds. 

Examining formula I., on the preceding page, in tbe same 
way, we see that H(l) and H(4) bear the same relation to the 
molecule ; and that H(3) and H(2) also bear the same relation 
to the molecule, though different from that of H(l) and H(4). 
Two chlor-xylenes of the formulas 

CHa CH. 



HC^ ^CCH, 

. r 1 


and 


HC^ ^C.CH, 

1 1 


HC, ,GC1 




HO, ,CH 



H CI 

ought to be obtainable from the xylene of formula I. 

In the same way three mono-substitution products miglit be 
obtainable from the xylene of formula II. The method, the 
principle of which is thus indicated briefly, while theoretically 
simple enough, is very difficult in its application, except in the 
case of the para compounds. Otlier methods have tiierefore 
been used, and these will be considered under mesitylene and 
naphthalene. It may he said, in anticipation, that the rcsnlt 
of all observations point to formula I. for ortho-xylene ; to 
formula II. for meta-xylene, and to formula IH. for para- 
xylene. 

Ethyl-benzene, CbH,„(=CsH,.0,Hj). — Tliis hydrocarbon is 
isomeric with the xylenes, but differs from them in that it con- 
tains an ethyl group in the place of one hydrogen of benzene. 
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it of two methyl groups in the place of two hydrogens of 
benzene. 

It iB made by treating a mixture of brom-benzene and ethyl 
bromide with sodium : — 

CsHjBr + CjH^r + 2 Na = CeH, .C^, + 2 NaBr. 

Its conduct towards oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as tolueue does. In tbis 
case, as in tliat of toluene, the paraffin radical is converted into 
carboxyl. It has been found that no matter what this radical 
may be, it is, under the same circumstances, converted into car- 
boxyl. Thus, the conversions indicated below take place : — 

CeH..CH, gives C^.CO^. 



C.H,.C,H. . 


C,H..CO^. 


Cfl-CA 


CeHj.COjH. 


C,fl..CJ!,i ' 


C,H..COfl. 


''A<CA ' 


„„ CO,H 



^^ * C^, CO,H ' ' 

Mesitylene, C8Hi![=CaH,(CH3),].— Mesitylene is contained 
in small quantity in light oil, mid may be obtained in piu'e con- 
dition from this source. It b most readily prepared by treating 
acetone with sulphuric acid : — 

3 C^bO = CbHu + 3 HjO. 

It is a liquid resembling tiie lower members of the series in its 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents shows that it is a tri- 
m,elkyl-benzene. When boiled with dilute nitric acid, it yields 
mesUyknic acid, CgHKiOj, and uvUic acid, CsHgO, ; and, by 
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further oxidntion with chromic acid, tnmesitic acid, C^gOg, is 
formed. By distillatjon with lime, mesityleaic acid yields meta- 
xylene and carbon dioxide ; uvitic acid yields toluene and car- 
bon dioxide ; and tnmesUic acid yields benzene and carbon 
dioxide. . The formation and decompoeition of the adds may 
l>e represented by the eqaations following : — 







fCH, 


Cfl,(CH,). 


+ 30 


= CAJCH, + H,0! 






(C0,H 

HesllylBDlc acid. 


(CH, 




(CH, 


CAJCH, 


+ 30 


= C.H,jCO,H + Bfi 


l-COjH 




(.C0,H 

Urtda acid. 


(CH, 




C0,H 


C.H,jcOfl + 30 


= C,H, C0,H + H^ 


l.CO,H 

nriOcaold. 




(.C0,H 

TrlmcaiUc add. 


(CH, 
C,H.]CH. 
lCO,H 




-Ca{««; + CO.; 

MeU-iyloi». 


(CH, 






C,H,]CO,H 




= C^,.CH, + 2 CO,; 


DvlUc Bcld. 




Toluem, 


(CO,H 






C,H,jCO,H 
(.CO.H 

TVImMlIJc acid. 




= CA + 3 CO,. 



These transformations show clearly that mesitylcQe is tri- 
metltyl-tienzene, bnt they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation ia based 
upon the fact that mesitylene is formed from acetone. Jt 
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^peare probable that e&ch of the Qaee molecules of acetone 
taking itart in the reactioo, 

3 CjH^ = CtHa + 3 Hp, 

Dndei^oes the same change. Ab the product contains three 
methyl groups, the simplest assumption that can be made is 
that each acetone molecule gives up water as represented 
thus : — 

CH,-CO~CH, = CH,-C-CH + H^. 

We thus have three residues, CH3— C— CH, and these unite 
to form trimethyl benzeae. The only way in which the union 
can be represented, assuming that all three act in the same 
way, is this : — 

I I 

HjC.Cv /C.CHj 

H 

According to this reasoning, mesitylene is a symmetrical com- 
pound, — that is to say, each of the three methyl groups bears 
the same relation to the molecule ; and the same is true of each 
of the three benzene-hydrogen atoms. 

This view has been tested by replacing the three hydrogen 
atoms successively by bromine ; and it has been found that 
tlie view is confirmed, as but one mono-bromine substitution- 
product of mesitylene has ever been obtained. Accepting the 
formula above given for mesitylene, an important conclusion 
follows regarding the nature of meta-xylene. For we have 
seen that, by oxidizing mesitylene, we get, as the first product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
has been converted into carboxyl. As all the methyl groups 
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bear the same relation to the molecale. it makes do difference 
Thich one is oxidized. The acid has the formula 



1 I 

CO^fl.C. /C.CH, 

H 

Now, by distilling this acid with lime, carbon dioxide is given 
off, and meta-xylene is produced. 

As the change consists ia removing the carboxyl, and replac- 
ing it by hydrogen, it follows that meta-xylene must be repre- 
sented by the foi-mula 

CH, 

I I 

HC. /C.CH, 

H 

and consequently that, in all meta compounds, the two enbsti- 
tating atoms or groups bear to each other the relation which ttie 
two methyl groups bear to each other in ttiis formula for mota- 
xylene. 

Pseudoouinene, CVH.i^CsHifCHstj]. — This hydrocarbon, 
which is isomeric with mesitylene, occurs in coal-tar oil, from 
wh'ch it can be made in pure condition. Its properties are 
simitar to those of the lower members of tiie series. It boils 
at 169.8°. 

Pseudocumene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from brom-meta-xylene and 
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methyl iodide. How thia U possible, wiU be ntiiierstood bj an 
examinatioti of the formulas below ; — 

CH, CH, 

It. II 

HC. ,CBr HCv /C.CH, 

PR. fil' 

Brom-mota-iylana. 



Replacing the bromine by methyl, in either of the compounds 
represented, the product would have tbe formula 



I I 

c 

CH, 
wMcb is that of peeudocumene. 

*"'"°' lo,«„fo«.<°*V 

Para-methyl-propyl-benzene, i \ OiH>/ 

This hydrocarbon ie of special importance and interest, on 
account of its close connection with two weU-known groups 
of natural substances, — the groups of which camphor and oil 
of turpentine are the best-known representatives. It occurs in 
the oil of caraway and the oil of thyme. The terpenes, which 
are hydrocarbons of the formula CmHu, and of which oil of 
turpentine is the best known, easily give up two hydrogen 
atoms and yield cymene. Probably the simplest way to pre- 
pare cymene is to treat camphor with phosphorus pentasnl- 
phide, zinc chloride, or phosphorus pentoxide. 

It IB a liquid of a pleasant odor. It boila at 175°. 
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It has been made eynthetically from pam-brom-tolnene and 

propyl bromide : — 



= CJI.<^^ +2NaBr, 

irhich cleaj'ly shows its relation to benzene. As tbe final 
product of its oxidation, it yields para-phthalic (terepbthalic) 
acid: — 

see p. 246. 



c,q,t,=cdbvGoogle 



CHAPTER XV. 

DERIVATIVES OF THE HTDEOCARBONS, CnHa.-«. 
OP THE BENZENE SERIES. 

Recalling what we learned under the head of Derivatives of 
the Paraffins, we naturally look for representatives of all the 
classes of compouDds there met with. The derivatives of the 
pai'afflns wei'e classified into : — 

1. Halogen derivatives. 

2. Oxygen denvatives, including the Alcohols, Aldehydes, 

Acids, etc. 

3. Sulphur derivatives, including the Mercaptans, Sulphonic 

Acids, etc. 

4. Nitrogen derivatives, including Cyanides, Amines, Nitro com- 

pounds, etc. 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of consideration 
will be somewhat more convenient in this connection, owing to 
many points of analogy which esist between the halogen sub- 
stitution-products, the nitro compounds, and the sulphonic 
acids. All of these three classes of derivatives of the benzene 
hydrocarbons are made by direct treatment of the hydrocarbons 
with tine substituting agents, and in some respects resemble 
each other, so that they will be considered in connection. Aa 
the amido derivatives of this series are made almost exclusively 
from the nitro compounds by reduction, they will be considered 
in connection with the nitro compounds ; and, further, by treat- 
ment of the amido compounds with nitrous acid, a new class 
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of nitrogen derivatives, known as diazo compounda, not met 
with in connection with the parafBns, is formed. TheBe will 
be considered aftor the amido compounds. 

After these classes have been considered, we shall take np in 
turn the oxygen derivatives, which include the pheaols or eimple 
hydroxjl derivatives of the hydrocarbons, the alcohols, alde- 
hydes, acids,, and ketones ; and, finally, the hydro::jji-acids, 
which are strictly analc^ua to the hydroxy-acids of the paraffin 

We have thna the following classes : — 

1. Halogen, derivaiives. 5. Stdphonic acids. 9. Acids. 

2. Nitro cotnpouitds. 6. Phenols. 10. Ketones (and 
S. Amido compounds. 7. Alcohols. Quinones). 
4. Dixizo compounds. 8. Aldehydes. 11. Hydroxy-acids. 

The relatione of most of these claeses to the hydrocarbons 
ai-e the same as those of the corresponding derivatives of the 
paraffin series to the paraffins ; and the general mcHiods of 
preparation, as well aa the reactions, are the same. Hence, 
most of the knowledge acquired in the first part of the book 
may be applied to the series now under consideration. 

An enormous number of derivatives of the benzene hydrocar- 
bons have been prepared and studied ; but we need study only 
very few in brder to acquire a general knowledge of them. In 
the following a few of the more important representatives of 
each class will be studied, mainly with the object of illustrating 
general facts and general relations. 

Haiogen Derivatives of Benzene. 

Very little need be said in regard to these derivatives. By 

direct action of bromine or chlorine upon benzene the hydrogen 

atoms are replaced one after another, until, as the final products, 

hexa-cklor-benzene, CjCla, and Jiexa-brom-benaene, CoBrg, are ob- 
tained. It has already been stated that, when the action takes 
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place in direct sunlight, addition-products, C^H^CU and CgH«Brg, 
are formed. Benzene hexacLloride, CdHgCtg, is formed also 
when chlorine is conducted into boiling benzene. The addition- 
products are readily decomposed, yielding tri-subatitution prod- 
ucts of benzene and halogen acid : — 

CeHeBr, = CaHjBrs + 3 HBr. 

The substitution-products are very stable. They are, as a 
rale, formed more easily than the halogen derivatiTes of the 
paraffins, and, as a rule, they do not give up the halc^ns as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by liydroxyl, the amido group, 
etc., these replacements cannot easily be effected in the benzene 
derivatives. Tiie halt^ene can be removed by sodium, as 
shown in the synthesis of hydrocarbons : — 

CaHjBr + CH3I + 2 Na 
= C.H,.CHj + NaBr + Nal, etc., eto. 

They may also be removed by nascent hydrt^en, the hydro- 
carbons being regenerated : — 

CsH^Cl, -1- 4 H = C3« + 2 HCl. 

This kind of reverse substitution is not, however, effected 
easily. 

Perhaps the best known of the di-eubstitution products of the 
class under consideration is 

Dibrom-benzene, C^H^Bti, which is one of the products of 
the direct treatment of benzene with bromine. This being a 
di-substitution product of benzene, it follows, from what has 
been said in regard to isomerism in this group, that three 
isomeric varieties of the substance ought to be obtainable ; and 
the interesting question suggests itself : which one of the 
three i)oasible dibrom -benzenes is formed by direct treatment of 
benzene with bromine? The answer to the question is equally 
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ioteresting. The main prodactof the action ia jjara-dibrom- 
benzene, while tliere is always formed in much smaller quantity 
some of the ortlw product. The reason why these products 
are obtained, and not the meta compound, is unknown | nor 
has any plausible hypothesis been su^ested to account for the 
fact. 

In studying the substitution-products of benzene, one of the 
first problems which present themselves is the determination 
of the relations which the substituting atoms or groups bear 
to each other. The determination is made, as has been 
stated, by transforming the compounds into others, the rela- 
tions of whose gioups are known. Thus, to illustrate, when 
benzene is treated under the proper conditions with bromine, 
two dibrom-benzenes are formed. Without investigation, we, 
of course, cannot tell to wliich series these compounds belong. 
But, by treating that product which is formed in larger quantity 
with methyl iodide and sodium, we get para-xylene. In other 
words, by replacing the two bromine atoms of the dibrom- 
benzene by metbyl groups, we get a compound which we know 
belongs to the para series ; and, therefore, we have determined 
that the bromine product is a para compound. In the follow- 
ing Uie chief reactions made use of for effecting the trans- 
formations of the derivatives will be discussed. 

HAIAX3EN Derivatives op Tolubnb. 

As toluene is made up of a residue of marsh gas, methyl, CH,, 
and ft residue of benzene, phenyl, CgHj, it might naturally be 
expected that it would yield two classes of substitution-prod- 
ucts; viz., (1) Those in which the substituting atom or group 
replaces one or more hydrogen atoms of the phenyl group; 
and (2) those in which the substitution takes place in the 
methyl. Repi'csentatives of both these classes are well known. 
In general, when boiling toluene is treated with chlorine or 
bromine, products of the second clafis are obtained; while, 
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when treated in the cold, prodncts of the first class are ob- 
tained. Thus, we have the two parallel Sfries of chlorine 
derivativeB : — 

I. n. 

CjH^CI.CHs. CeH.-CHja. 

CsHjCI, .CH,. tyi, -CHClj. 

CJI^ls.CH,. CsH.-CCI,. 

When a member of the first class is oxidized, the methyl ja 
changed, and the rest of the compound remains unchanged. 
as in the case of toluene. Thus, the first substance of class I. 
yields the product CbH^CLCO^H; the second, CellsCl, .COsH, 
etc. These products are substituted benzoic adds. On the 
other hand, all the members of the second class yield the same 
product that toluene does; viz., beraoic acid. Hence, by 
treatment with oxidizing agents, it is easy to distinguish between 
the members of the two classes. Further, the halogen atoms 
con^ned in the methyl are not as firmly held in combination 
as those in the phenyl. When, for example, the compound 
CoHj.CHClj, which is called benxal chloride, is treated with 
water, both chlorine atoms are replaced by oxygen, the product 
being the aldehyde CaHj.CHO, which, as we shall see, is the 
familiar substance, oH of bitter almonds. When, however, the 
isomeric di'-c7itor-(oZuene CgHjClj.CHj is heated with water, no 
change takes place. 

Regarding those simple snbBtitutioa-products of toluene which 
contain one halogen atom in the phenyl, such as mono-brom- 
tohiene, C,iH,Br.CHa, we see that they are di-snbstitution prod- 
ucts of benzene, and hence capable of existing in three isomeric 
varieties, ortho, meta, and para. The products formed by 
direct treatment of toluene with chlorine or bromine are mixtures 
consisting mostly of the para compound, together with a much 
smaller quantity of the ortho compound. 

The determination of the series to which one of these products 
belongs may be made by replacing the halc^u by motliyl, and 
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thus getting the corresponding xylene. The main product of 
tlie action of bromine on toluene is thus convei-ted into para- 
xylene, and is therefore para-brom-toluene. 

Halogen Derivatives of the Higher Members of 
THE Benzene Series. 
Concerning the halogen derivatives of xylene, it need only be 
said that the only one of tbe three xylenes from which pure 
products can easily be obtaiued is para-xylenc. When this ia 
treated with bromine it yields but one mono-brom-xylene. The 
significance of this fact has been discussed above. The mono- 
substitution products obtained from the otJier xylenes are 
mixtures which it is very difficult, and in some cases impos- 
sible, to separate into their constituents. Mesitjlene and 
psuudocumene, though both are tri-methyl-benzenes, conduct 
themselves quite differently towards bromine, — the former yield- 
ing only one mono-bromine product ; the latter, a mixtm-e of 
several. 

Nrmo Compounds of Benzene anb Toluene. 
In speaking of nitro compounds in connection with the paraf- 
fin derivatives (see p. 100), it was stated that they are obtained 
much more readily from the benzene hydrocarbons than from 
the paraffins. But few nitro derivatives of the paraffins are 
known. As will be remembeied, they cannot be prepared by 
treating the paraffins with nitric acid, but must be made bv 
circuitous reactions, the principal one Iwing the treatment of 
the halogen derivatives with silver nitrite : — 



The preparation of a nitro derivative of a hjdrocarbon of 
the benzene series is a simple matter. It is only necessary to 
bring the hydrocarbon in contact with strong nitric acid, when 
reaction takes place, and one or more hydrc^cn atoms of the 
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hydrocarbon are replaced by the nitro groap KOi, as illustrated 
ii the equatiooB, — 

C(Bj +HN0a = CaHj.N05 + H,0 ; 

CJI,. NO, + HNOa = C«H.(NOj), + H,0 ; 

CaH,.CHa + HNOj = CflH4< ^^* + H,0 ; 

CaH.<™= + HNO, = C^a<^^*^^*^ + H^ 

The nitro compouiida thus obtained are not acids, nor are 
they ethereal salts of nitrous acid, as the formulas might lead 
ns to suppose. The most rational view held in regard to them 
is, tbat they are formed from nitric acid by the replacement of 
hydroxyl by benzene radicals, as indicated tims : — 

CJEjinT HO].NOj= CsHj.NOj + H,0. 

Mono-nitro-benzene, CeHj-KOi. — This substance is made 
by treating benzene with concentrated nitric acid, or wiUi a 
mixture of ordinary concentrated nitric 'and sulphuric acids. 
In the latter case, the sulphuric acid facilitates the reaction, 
probably by preventing the dilution of the nitric acid by the 
water necessarily formed. 

Kxperlment 58. Make a mixtare of ISO" ordinary concentrated 
sulphuric acid, and T5°° ordioary coucentrated nitric acid. Let it cool 
to the ordinary temperature. Put the vessel containing it In water, 
aud add aboot IB" to 20"" benzene, a few drops at a time, watting each 
time until the reaction is complete. Shake well until the benzene is 
dissolved; then pour slowly Into about a litre of cold water. A yellow 
oil will sink to the bottom, 7his is nitro-benzene. Four off the acid 
and water ; wash two or three times with water ; separate the water 
by means of a pipette, and dry by adding a little granulated calcium 
chloride. After staoding for some time, pour off from the calcium 
chloride, aud distil from a proper sized dlstilllng-bnlb, noting the 
boiling temperature. 

Nitro-benzene is a liquid which boils at 205°, and has the 
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specific gravity 1.2. Its odor is lilce tliat of the oil of bitter 
almonds, and it ia hence used in many cases instead of tlic 
latter. It is known as the esaetux of mtrbane. It ia manufac- 
tnred on the large scale, and used, principally in the preparation 
of aniline. 

Dinitro-benzene, CbH,(NO,):. — This is a prodnct of the 
further action of nitric acid on hcnzene, or on nitro-benzenc. 

Experiment 69. Make a, mixture of 50™ concentrated sulphuric 
acid, and 60™ fuming nitric acid. Without cooling add very slowly 
alioiit 10" benzene from a pipette with a flue opening. After the 
action I? over, boll tlie mixture for a short time ; then pour into about 
half a litre of water. Filter oiT tlie solid substance thus precipitateil, 
press it between layers of aiter-paper, aud crj-BtBllize from alcohol. 

Dinitro-benzene crystallizes in long, fine needles, or thin, 
rhombic plates. Melting-point, 89.9°. 

By means of two reactions, which will be considered under 
the head of Diazo Compounds, it is a simple matter to replace 
the two nitro groups by bromine, thus converting dinitro-ben- 
zene into bibrom-benzene. When the latter is converted into 
xylene, the product is meta-xylene. Hence, ordinary dinitro- 
benzene is a meta compound. 

Nitro-toluenea, CbHiINOiJ.CHj. — When toluene is treated 
with strong nitric acid, substitution always takes place in the 
phenyl. The chief mono-nitix)-toluene is a para compound ; 
while, at the same time, a little of the isomeric ortho compound 
is obtained. 

Note for Stddent. — What mono-bromine products are formed 
bj direct treatment of toluene with bromine? Given a roono-ultro- 
toluene, how is it possible to determine whether it belongs to the 
ortho, the meta, or the para series? 

By treatment with nascent hydrogen, the nitro-toluenes are 
converted into the corresponding amldo compounds, called 
Toluidines (which see) . 
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Amido COHPoijNDa OP Benzene, etc. 
The amido (ierivatives of the parafQcs are made, for the most 
part, hy treatiug the bal<^eu derivatives with ammonia ; — 

CjHjBr + NHs = C,Hs.NH, + HBr. 

In speaking of these derivatives, however, attention was eailed 
to the fact that thuy may also be made by treating nitro com- 
ponnda with naaceut hydrogen. The latter method is one of 
great impoi-tance in the benzene series. It is used exclusively 
in the preparation of the amido derivatives of the benzene 
hydrocarbons. Several of these derivatives are well known, 
the simplest and best known being amtdo-betixene or anUine. 

Aniline, C,H,N(= C(H;.NH,). — Aniline was first obtained 
from indigo by distillation. Anil is the Portuguese and French 
name of the indigo plant, and it is fi'om this that the name 
aniline is derived. Aniline ia found in coal tar and in bone oil, 
a product of the distillation of bones. It is prepared by re- 
duction of oitro-benzene with nascent hydr(^en. On the large 
scale the hydrogen is obtained from hydrochloric acid and iron. 
For laboratory purposes tin and hydrochloric acid are perhaps 
best. Other i-educing i^enta, such as an ammoniacal solution 
of ammonium sulphidt^, hydriodic acid, etc., also effect the 
change, which is represented by the following equation : — 

C,H,.NOj 4- 6H = CeH5.NHa+ 2 H/). 

Experiment 00. Dissolve tlie iiitro-bcnzene obtained In Exp, 58 
In alcoholic ammonia, aud saturate tbe solution with hydrogeo sul- 
phide, keeping It slightly warm. On the water-bath dfstU off the excess 
of ammonium sulphide and some of the alcohol. To the residue add 
dilute hydroclilorlc acid. This will dissolve the aniline, bat leave 
any unchanged nltro-benzenc nndissolved. Separate the latter. Evapo- 
rate to dryness; mix with a little lime, and distil from a dry vesseL 
Aniline will pass over. 

Aniline is a colorless liquid which rapidly becomes colored iu 
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the air. It boils at 184.5°. It solidifies at a low temperature ; 
is easily soluble in alcohol, but slightly soluble ia water. The 
solution in water has only a very slight alkaline reaction. 

Experiment 61. To an aqueous solution of a little of the aniliDc 
obtained in Exp. GO, in a test-tube, adU a flltcreJ solution of bleacb- 
ing powder (calcium hypochlorite). A beautiful purple color is pro- 

To a, solution of aniline iu concentrated sulphuric acid add a few 
drops of an aqueous solution of potassium bichromate. A blue color 
is produced. 

Aniline bears to benzene the same relation that ethyl-amine 
or amido-ethane bears to ethane. It is a substituted ammonia, 
and, like other bodies of the same class, it unites directly with 
acids, forming salts. Thus, with hydrochloric, nitric, and 
sulphuric acids the action takes place as represented below : — 

CaHs.NHa + HCl = (CaHs.NH3)Cl; 
CaHj.NHa + IINOs = (CflH,.NHs)NOa; 
C,H, . NHj + H,SO. = CjH, . NHaHSO^. 

The formation of aniline hydrochloride was illustrated in 
Exp. 60, as was also the decomposition of an aniline salt by 
a caustic alkali : — 

2(C8H5.NH3)CI + Ca(OH)2=2CsH,.NH, + 2H20+CaCls. 

Among the most interesting changes which can be effected in 
aniline is that which takes place when it is treated with nitrous 
acid (see Diazo Compounds, below) . 

Note tor Student. — What change is usually effected In amldo 
compounds by treating them with nitrous acid? 

Toluidines, amido-toluenes, C«H,<^~=. — The tolui- 
dincs, of which there are three coiTesponding to the three nitro- 
toluenes, are made from the latter in the same way that aniline 
is made from niti-o-benzenc. As para-nitro-toluene is the best 
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known of the three nitro-tolueneB, so para-toluidine is the best 
known of the three toluidines. 

The properties of the toluidinea are much like those of aniline. 

Treated with various oxidizing agents, a mixture of nuiline 
and the toluidines is converted into a compound known as 
rosaniline. This is the mother subatance of the large group of 
compounde known as the aniline (hjes. Rosaniline and its de- 
rivatives, the aniline dyes, will be considered under Tri-plienyi~ 
methane (which see). 

By nitrous acid the toluidines are transformed iu the same 
way that aniline is (see Diazo Compounds), 

The xylidines hear to the three xylenes the same relation 
that aniline boars to benzene. It is not a simple matter to get 
any one of them in pure condition. 

DiAzo Compounds of Benzene, etc. 
The usual action of nitrous acid on amido compounds ia 
represented by the equation, — 

R.NHj + HNOj = E.OH + HjO + Nj. 

When an amido derivative of a hydrocarbon of the benzene 
series is treated with nitrous noid, and certain precautions are 
taken, a product is obtained which contains two nitrt^n 
atoms, and which is, therefore, called a diazo compound. 
Thus, in the case of aniline sulphate, the action is represented 
by the equation, — 

CeHjNHj.H^O, -t- HNO^ = CnH.Ns.HSO, + 2 HjO. 

Aailioe iiiLplute. Ola^o-beDzcnc BulpbUe. 

So, also, with the nitrate we have, — • 

CaHiNIIs.IINOj + HNOo = CnlljNj.NOj + 2 HjO. 

From these salts the diazo-benzene itself can be set free by 
means of acetic acid. It has been found to have the formula 
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CcH,Nj(OH). This conaponnd is, however, very nustable, aud 
is at once decomposed. 

Elxperiment 62. Arrange an apparatus as sliown In Fig. li. In 

flask A put some coarsely- powdered arsenic trloxUle (abont 50!), and 
through the funnel-tube pour 40™ to 50™ ordinary nitric acid of speciflc 
iKravity 1.35. B is an einpLy cylinder surrounded by water. C and D 
aie small flasks of about 60™ capacity, In each of wlilch should be 
brouglit lOK aniline nitrate, and 12™ iceniold water. 



Fig. 11. 

They are kept In ir,p. water. Pass a current of the oxides of nitrogen 
until the material in the flasks dlssohes. Add to the solution about 
au equal volume of alcohol previously cooled to 0', and then a little cold 
ether. If the operation lias been carried out properly, a copious pre- 
cipitate of crystals of diazo-benzene nitrate is formed. Filter off with 
the aid of a suction-pump, aud, tBUktiut delay, proceed to study the 
properties of the compound. 

(a) Dissolve a Uttlo in water of the ordinary temperature, and allow 
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the solution to stand. Decomposition, Indicated by cliange of color, 
will take place. 

(b) Boil a little with water ju a test-tube, luid notice the odor of 
phenol or carbolic acid. 

(c) Boll a few grains with alcohol in a test-tube, and notice the ense 
with which the decomposition takes place. The chief product is ethyl- 
phenyl ether or phenetol, C,Hj . O . C,Hj. 

(d) Boil some with hydrochloric acid. Chlor-benzene Is formed, 
which sinks to the bottom when water is added. 

Iq all these experiments a gas is evolved which can be shown to be 
nitrogen. Collect some, and show that it does not snpport combnstlon. 

(e) Place a very little of the compound, dried by pressing In fllt«r' 
paper, on an anvil, and strike it sharply with a hammer. It explodes. 

The above experiments serve to indicate tlie instability of 
diazo-benzene niti'ate. This same instability is characteristic 
of all diazo compounds, and it is the ease with which they 
undergo a variety of changes that makes them so valuable. 
The principal changes are : — 

1. That illustrated in Exp. 62 (b), which' is brought about 
by boiling with water. The action is represented thus ; — 

CeH,Na . NOj + H5O = C,H, . OH + Nj + HNOg. 

Pheual. 

2. That illustrated in Exp. 62 (c) , which is effected by boil- 
ing with alcohol : — 

C,H,Nj . NOa + CjHs . OH = C,Hj . O . C^Hj + Nj + HNO,. 

PbedelOi. 

3. That effected by hjdrocliloric acid as illustrated in Exp. 
62 (d) : — 

CaHsNa.NOj + HCl = CJIsCl + Nj + HNOb. 

Uano-cblor-bcozeDe. 

Changes similar to the last are effected by hydrobromic and 
hydriodic acids, the chief products being brom-benzeoe and 
iodo-benzene respectively. 

From the above it follows that, if we have a compound con- 
truing a nitro group, we can, by making the diazo compound, 
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transform it (1) into the corresponding lijdroxyl derivative; 
(2) into tlie correapondiug chlorine, bromine, or iodine deriva- 
tive ; or, (3) we can make ethers containing such groups as 
C,H,0, CHgO, etc. These reactions involving the use of the 
diazo componnds have been used very extensively in the inves- 
tigation of the substitution-products of the benzene series. 

Note for Student. — How can the relation of the groups in dl- 
nitro-benzene be determined by using the diazo reactions? 

Ab r^ards tlie relation of diazo-benzene to benzene, it seems 
clear, from the reactions above considered, that in it the phenjl 
group CjHi is present, and that this is in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitrogen 
form the connecting lick between the phenyl group and the 
other constituent, as expressed in the foi-mulas 

Cells- N2-NO3, 
CflHs-Na-OK, 
CsHj-Nj-Br, etc. 

The decompoeitiona all indicate the correctness of this view. 
How the nitrogen atoms we united, we do not know. 

SuLPHONic Acids of Benzene, etc. 

The metl^a of preparation of the sulphonic acids, and the 

relations of Ihese acids to the hydrocarbons, were considered 

pretlj fully, in connection with the paraffins. Three general 

methods for their preparation were given. These are : — 

1. Oxidation of the mercaptans; thus, ethyl-sulpbonic acid 
is formed by oxidation of ethyl-mercaptan, — 

C*H,.SH + 30 = CjHi.SOaH. 

2. Treatment of a halogen substitution-product with a sul- 
phite, — 

CjH^r + N%30j, = CaHj.SOaNa + NaBr. 
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3. Treatment of a hydrocarbon with sulphuric acid. This 
method is not applicable to the paraffins, but b the one used 
almoat exclusively in the case of the i>eazene hydrocarbons. 
Benzene-sulpbonic acid is formed thus : — 

CeHg 4- HjSOj = C,Hs.SO,H + HjO. 

Tolnene-Bulphonic acid is formed thus : — 

C,H,.CH8 + HsS04 = C(H,<^J»^ + H,0. 

The reasons for regarding the sulphonic acids as sulphuric 
acid in which hydroxy! is replaced by radicals, were given on 
p. 76 ; and the student is advisv^d oarefuUj' to I'e-read what 
is there said. 

Benzene-aulphonio acid, CsH^SOar^ g'^*}SO,J. — This 
acid is made most readily by treating benzene with ordinary 
concentrated sulphuric acid. 

Experiment 63. Id b, flask bring together about 60" benzene and 
100" concentrated sulphuric acid (ordinary). Connect with an Inverted 
condenser (see Fig. 8, p. 70), and boil for several hours, until the 
greater part of the benzene has passed into eolation. Fonr the con> 
tents of the flask into a targe evaporating dish of at least &> to IC 
capacity, containing 4' to 5' water. Heat gently, and add gradually, 
stirring meaawhWe, fitielg-povidered chalk, until the solution has become 
neutral. Pass through a muslin filter attached to a wooden frame, and 
wash thoroughly with hot water. Afterwards refllter the Bltrate 
through a paper filter. Evaporate to quite a small volume (say 500™ 
to 700™). aud filter from gypsum. In solution there Is now the calcium 
salt of the sulphonic acid. Add just enough of a solution of potassium 
carbonate to precipitate exactly Mie calcium ; filter off from Uie calcium 
carbonate, and evaporate te dryness, finally, on the water-bath. To 
prevent caking It Is necessary to stir the thick, syrupy mass. When it 
is nearly dry. It is best to powder it, and complete the drying at 100° to 
ISO" in an alr-bathi The potassium salt may he used for a number at 
experiments. 
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Experiment 84. In a dry evaporatiug dish mix thoroughly 2(W ot 
potiissiiim beuzene-Hulphonate witli 25s of phosphorus penta-cliloi'ide, 
by means of a dry pestle. The mass becomes semi-liquid and hot, 
and hydrochloric acid is given off, in consequence of the action of the 
moisture of the air ou the chlorides of phosphoms. Hence, the experi- 
ment should be performed under a hood or out of doora. The reaction 
which takes place Is represented by the equatloD, — 

CjH, . SO^OK + PClj = CjHs . SO.Cl + POCI, + KCI. 
After the action Is over, and the mass cooled down to the ordiuai; 
temperature, add about a litre of cold wafer. Everything will dissolve 
except the sulphon-chlorlde, CgH^ . SOjCI, which will remain as a heavy 
oil at the bottom of the vessel. Poor off the greatci' part of the water, 
and then add about 600« of strong ammonia. The chloride is thus 
converted into the corresponding sulphou-amtde, thus ; — 
CsHs-SOjCl + 2NH, = C,H5.S0,NII, + NH,CL 

After cooling. Alter off the aulphon-amide; wash well witli cold water, 
and crystallize f I'om water. The product crystallizes iu needles, fhsing 
at 163°. 

Note toe Student. -—Refer back to what was said regarding the 
acid chlorides and acid amides, paying particular attention to the 
general methods of preparation and their decompositions. 

Experiment 65. Mix 20^ potassium cyanide with an equal weight 
of dry potassium benzene-sulphonato, and distil from a small retort. 
The distillate Is impure phenyl cyanide, CjHj.CN ; — 



KO 



SO, + KCN = CeHj .CN + E 



Put the phenyl cyanide In a flask of 600« to 700« capacity, and add 
300™ of a moderately strong solution of potassium hydroxide Id water. 
Connect with an Inverted condenser, and boil for two or three hours. 
What is given off? Test with the nose the gases at the upper end of 
the condcnaer-tnbe. After cooling, dilute with about an equal volume 
of water, and acidity with hydrochloric acid. A solid substance Is 
precipitated. Filter off, wash, and crystallize fWim water. It is 
benzoic acid. The reaction with caustic potash is represented thus : — 
CoHi.CTT + HjO + KOH = Cjnj.COjK + NHj. 
Benzene -sulphouio acid iteelf is a very easily soluble sub- 
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stance. It is a strong acid, and yields a serica of ealts and 
other derivatives. 

When fused with potaBsium hydroxide, benzeae-sulphonio 
acid is converted into phenol (Exp. 66, p. 270) : — 

CbHj.SOjK + KOH = CeHj.OH + KjSOs. 
By further treatment of benzene with fuming sulphnric acid 
a benzene -disulphonic acid is formed. This is capable of the 

same transformations as the mono-sulphonic acid. 



Note pi3R Student.— By what reaction could benzeiie-disulphonic 
actd be transfonned into the corresponding dlcarlKiiiicacl<l,CgH,(COjII),? 
Suppose the product obtained were meta-phthalic acid, what conclusion 
could be drawn witli reference to the rcLatiou of the two sulpho groups, 
SO,H, In the disulphonic acid ? 

PnEKOia, OK HrDROxvL Derivatives of Benzene, etc. 
The hydroxjl derivatives of the paraffins ore called alcohols. 
As will be remembered they are of throe kinds, each of which 
is characterized by certain properties. We have : — 

1. Primary alcohols of which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 

2. Secondary alcohols, which by oxidation yield acetones and 
then acids containing a smaller nnmber of carbon atoms. 

3. Tertiary alcohols, which by oxidation yield neither alde- 
hydes nor acetones, bnt break down at once, yielding acids 
with a smaller number of carbon atoms. 

The primary alcohols were shown to correspond to the 
,E ,-B. 

formula C j ; the secondary to C j ; ami the tertiary to 

[•H i-HO IhO 

C j ; or, in other words, the primary alcohols contain the 

group CHj.OIT; the secondary, the j^roup CH.OH; and the 
tertiary, the group C.OH. 
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Now, the Bimplest hydroxyl derivative of tlie members of 
the benzene series is phenol, CgHj .OS, or beozeue in which one 
hydrogen is replaced by hydroxyl. Representing this com- 
poun<1 in terms of the accepted benzene hypothesis, we have 
the foromla 

OH 



/-\P 



HC 



H 
According to this, phenol appears to be allied to the tertiary 
alcohols, as it contains the group C.OII, and notCIIjOH nor 
CH.OH, We shall see that, in fact, phenol conducts itself 
towards oxidiziug agents like the tertiary alcohols. 

All compounds which contain hydroxyl in the place of the 
benzene-hydrogen atoms of benzene and its homolc^es are 
called phsnols. As in the case of alcohols, there are phenols 
containing one hydroxyl, or tnon-aciii phenols ; those containing 
two hydroxyls, or di-acid phenols ; those containing three hy- 
droxyla, or tri-acid plienola, etc- -, Some of these are familiar 
substances. 

MoN-ACiD Phenols. 

Phenol, oarbolio acid, CsHjOC^ CsHiOH). — Phenol is 
fonnd in nature in small quantities in the urine. It is formed 
by the distillation of wood, coal, and bones. Hence, it is a 
constituent of coal tar, and fix>m this it is prepared. For this 
purpose the heavy oil (see p. 231) is ti-eated with an alkali 
which dissolves the phenol. From the solution it is precipitated 
by hydrochloric acid. It is purified by distillation. 

Phenol may also be made by converting nitro-benzene into 
aniline ; then into diazo-benzcnc, and boiling tliis with water 
(see Exp. 62 (6)) ; and by melting beuzene-sulphonic acid 
with potassium hydroxide, 
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Experiment 66. In & silver (or iron) cracible, or evaporating 
dish, melt 40" to 50^ potiiSEium hydroxide, after adding a few cubic 
centimetres of water. Now add gradually 10* flnely-poivdered potas- 
sium beozene-sulplioDate, obtained in Exp. 63, stirring constantly with 
a silver (or iron) spatula. Do not heat to a very high temperature. 
After the mass has been kept In a state of fusion for one-quarter to 
one-half an hour, let it cooL Dissolve In 200™ to 250™ water, and 
acidify with hydrochloric acid. Ifotice the odor of the gaees given 
off. What gas do yon detect? When the liquid has cooled down, 
extract with ether in a glass-stoppered cylinder. From the ether 
extract distil the ether on a water.bath. The residue Is Impure phenol, 
which may be detected by the following reactions, for which a solution 
In water should be prepared : — 

(a) A few drops of ferric chloride solution gives a beautiful violet 

(6) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of blcaciiing powder. A blue color is produced. 

(c) Broraiue water gives a yeliowlsh-whlte precipitate of trl-brom- 
phenol. 

The reaction which takes place in melting potassiam hydrox- 
ide and potaseium benzene- Bulphonate blether is represented 
by the equation, — 

CflH,.SOsK -I- KOH = QHi.OH + K^O,. 
It effects the replacement of the sulpho group, SOjH, by 
hydroxy]. 

Phenol, when pure, crystallizes in beautiful colorless rhombic 
needles. The presence of a little water prevents it from solidi- 
fying. It has a peculiar, penetrating odor ; boils at 180° ; is 
difficultly soluble in water (1 part in 16 ports water at ordinary 
temperature) ; mixes with alcohol and ether in all proportions ; 
and is poisonous. 

Phenol fonns compounds with several metals. Among these 
may be mentioned the following .- — 

Potassium pkenolcUe, CoHj .OK, made by dissolving potassium 
in phenol, and by treating phenol with caustic potash. 

Barium, phenolate, (C8H50)2Ba -|- 2H2O, made by dissolving 
phenol in baryta water. 
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J/ead oxide plienol, CsHjO.PbO, made by dissolving lead 
oxide ID pbeDol. 

It also forme ethers, of which the methyl and diphenyl ethers 
may serve as examples : — 

Methyl-phenyl ether. CHaOf- ^'^>o\ — This sab- 
etaace, also called aniaol, is obtained fi'om anisic acid and fVom 
oil of winter-green by boiling with baryta water. It is made 
also by treating potassium phenolate, CoH,OK, with methyl 
iodide : — 

CAOK + CHsI = ^""'>0 + KI. 



It is a liquid of a pleaeant odor. 



Note fok Student. — Compare this subs tauce with crdinarj/ etfter. 
What method analogous to that above mentioned may be used In tbe 
preparation of ordinary ether? 

Diphenyl ettier, Ot3:ioOf= ^^>o). — This bears to 
phenol the same relation that ordinary ether bears to alcoliol. 

With acids, phenol, like the alcohols, yields ethereal salts in 
which the phenyl group, CgHj, takes the place of a metal. 
Among the compounds of this class wliich phenol forms with 
organic acids, tlie following may be mentioned ; — 

Phenyl acetate. CaHsO^C^ CHj.COi.C^).— This is formed 

by treating phenol with acetyl chloride. 

Note poh Student. — What use Is acetyl chloride put to as a re- 
agent In oi^anic chemistry? Explain Its use. What conclusion may 
be drawn from the fact that acetyl chloride acts upon phenol, replacing 
one hydrogen by acetyl, CjHjO? 

S'ubstitiition'producta of phenol. Phenol is very susceptible 
to the action of various reagents, and a large number of substi- 
tntion-products have been made from it. 

The ease with which bromine acts upon it was illustrated in 
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Exp. 66(c), It was shown that, by the addition of bromine 
water to the water solution of phenol, tri-brom -phenol is formed. 

Dilute nitric acid acts upon phenol, jielding two mono-nitro- 
phenols, CH,j ', one of which has been shown to belong to 
the ortho aeries, the other to the para series. 

Experiment 67. Adil 20( phenol to a mixture of 80« water and 
40™ ordinary concentrated nitric acid (sp. gr. 1.34). Stir, and, after a 
time, pour off the dilute acid from the oil. Wasb with water, and then 
put it into a flask, with about a litre of water, arranged as shown in 
Fig. 15. Flask A holds nothlug but water; while the oil, together with 



Big. 16, 

water, are In B. From A a current of steam is passed into B, which 
is heated by means of a lamp. Yellow crystals pass over and appear 
in the receiver, while a non-volatile substance remains behind in flask 
B. The volatile substance la ortho-nltro-phenol ; the non-volatile Is 
para- ni tro-phenol. 

Tri-nitro-phenol, picric acid. CoHjNjOjf = C>Hi | ' ' j. 
This is formed very easily by the action of strong nitric acid on 
phenol. 

Experiment 38. Dissolve ItK to ISe phenol tn weak nitric acid, 
and to this solution slowly add some strong nitric acid. Afterward 
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dilute with water; filter off the pici-tc acid, and wash. Dissolve 
In dilute potassium carbonate soluttOD, and evaporate to crystalllzo- 

. Picric acid forms yellow crystals, has a vei^ bitter taste, 
ia poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and sillt yellow. 

Note for Student. — Is there any analogy between trl-nitro- 
phenol and tri-nitro-glycerin? What is the essential diffference be- 
tween themf 

One of the most interesting properties of tri-niti'o-phenol is 
its power to form salts. It acts like a strong acid. It will 
thus be seen, that, while the substance CsHj.OH lias only very 
slight acid properties, the same substance, with three of its 
hydrc^ns replaced by nitro groups, CbHj(N02)3.0H, has 
strong acid propei-ties. In the salts, which have the genei-al 
formula CaHj(N03)3.-OM, the metals replace the hydrogen of 
the bydroxyl. Among them may be mentioned tbe potassium 
salt which was obtained in Exp. 68 ; this explodes when heated 
and when struck. Ammonium picrate, CaH2(N02),.ONH4, is 
used as a constituent of explosives. 



Phenyl meroaptan }o.H.S(. OA.SHl.-Tbi. be.r. 
Phenyl hydroaulphide, > 

the same relation to phenol that mereaptan bears to alcohol. 
It may be made by reducing be nzene-sul phonic acid. This 
reduction is effected by first making the sulph on -chloride, 
CgHj.SOjCl, (Exp. 64), and then treating this with nascent 
hydrogen. 

Note for Student. — What la the effect of oxidizing the mercap- 
tans? 

It may be made, also, by treating phenol with phosphorus 
pentasulphide, the effect of this reagent being to replace oxy- 
gen by sulphur. 
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Note foii Student. — What analogy Is there between the action ot 
phosphorus peutachlorlde and of phosphoms peotasulphlde od com- 
pounds coutalolDg oxygeu? 

Fbenyl mercaptan 1b a liquid, vitk a very dist^reeable 
odor. With merowrie oxide it forms a crystallized com- 
|)ound, (C»H^)2Hg. 

Cresols, C,HBof= C,H.<q2J. — There are three creaols, 
or hydroxyl derivatives of toluene, of the formula C,H, < '. 
They are all found in coal tar, and the tars from pine and beech 
wood. When mixed t(^ether, it is difficult to separate them. 
To obtain them in pure condition, it is therefore best to make 
them from the three toluidines, or from the three sulphonic acids 
of toluene. 

NOTK FOK Student. — Give the equations repregeuUiig the reactions 
Involved In passing from the three totuldlues to the cresols, and n;oni 
the three toluene-sulphonic acids to the cresols. 

The cresols resemble phenol very closely. 

Creosote is a mixture of chemical compoimrls contained in 
wood tar. It contains the cresols. Coal-tar creosote consists 
largely of phenol. 

/ (CH, V, 

Thymol, propyl-meta,-cresol, 0|oH,.0( = CjHJ OH<"') . 

\ ( CHiCP)' 

Tliis phenol is contained in oil of thyme, (K^ether with cymene. 

It forms lat^e monoclinic crystals, which melt at 50°. It has a 

pleasant odor, like that of the oil of thyme. Treated with pbos- 



r propyl Is In the pin 
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phorus pentoxide, it yields meta-cresol ; while, when treated 
with phosphorus" pentasulphide, it yielils eymene. These two 
reactions indicate that the groups contained in thymol bear to 
each other the relations indicated by the formula given above. 
It is one of the two theoretically possible hydrosyl derivatives 
of eymene. The other one, carvacrol, has the hydroxyl in the 
ortho position relatively to methyl. It has been made from 
the corresponding cymene-sul phonic acid; is found in nature 
in the ethereal oil of Oi-igonum hirtum ; and may be made from 
carvol, or the oil of caraway. 

Di-AciD Phenols. 
The three theoretically possible di-hydroxyl benzenes, 
C>H^<^g, are all well known. 

Pyrocateohin, i _ _ _ f^ci^ ^OB \ 

Ortho-di-hydroxy-benzen©, / '^ \ •^■^OH(o)/* 
This snbstance is a frequent product of the dry distillation of 
natural substances, — as of catechu, morintannic acid, etc., — 
and of the melting of resins with caustic potash. It may be 
made by molting ortho- iodo-phenol or ortho- phenol-sulphonic 
acid with caustic potash. It forms crystals, which melt at 
104°. It is easily soluble in water, alcohol, and ether. 

The dilute solution in water gives with ferric chloride a 
dark-green color, which becomes violet on the addition of a 
little sodium carbonate. 

Besorcin, i „ _ _ /^ ^ H <- ^^ \ 

M©ta-di-hydroxy-benzene, S '^ \ °^ ^ OH(m) f 

Resorcin is formed by the meltJng of a number of resins with 

caustic jootash, as of galbaniim, sagapenum, asafcetida, etc. 

It is made, also, by melting meta- iodo-phenol or meta-benzene- 

disulphonic acid with caustic [wtash. 
It crystallizes fVom water, usually in thick rhombic prisms. 

Melting-point, 110°. 
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With ferric chlovide, the watev solution gives a dark purple 
polor. Heated for a few minutes with phthalic acid in a test- 
tube, a yellowish-red mass is formed. When thia is added 
to dilute caustic soda, a wonderfully fluorescent solution is 
obtained. The explanation of this reaction will be given 
under the head of Tri-pbenyl-methanc, when the pbthaleins 
wiU be considered. 

Resorcin ia used largely in the manufacture of certain dyes, 
and is therefore manufactured on the lai^ scale. 

sSptTo"rr' } °-=^-°-(= ^^ i IS)- - ™- 

com|)ound is formed by the action of nitric acid on resorcin, 
and on those resins which give resorcin when treated with 
caustic potash. It closely resembles picric acid. Heated 
with bromine and acetic acid, it yields the substance known 
as brompicrin, which has the formula C(N02)Br3. 

Hydroquinone, i ^ _ ^ / OH \ 

Para- di-hydroxy- benzene, / ° \ ' OH(p)/' 

Hydroquinone is formed by the dry distillation of quinic acid, 
by reduction of quinone (which see), by the action of chromic 
acid on aniline, by melting para-iodo- phenol, etc. 

It is a crystallized substance which melts at 169°; easily 
soluble in alcohol, ether, and hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., con- 
vert it into quinone. 



It would lead us too far to consider here the reactions which 
iiave been made use of for the purpose of determining to which 
series each of the three di-hydroxy-benzenes belongs. The 
principle involved, however, is simple. Either these substances 
must be converted, dii-cetly or indirectly, into others, in regard 
to the relation of whose groups we have evidence ; or sub- 
stances, the relation of whose groups is known, must be coa- 
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verted into the di-hydroxy-benzenea. The reactions made nae 
of for effecting tlie coDversione are mainly those which have 
already been considered ; viz., the formation of amido com- 
pounds from uitro compoands by reduction ; the formation of 
diazo compounds ll'om amido compounds ; the formation of 
(1) hydroxyl derivatives, (2) chlorine, bromine, or iodine de- 
rivatives, from Uie diazo compounds ; and the foitnatiou of 
bydioxyl derivatives from sulphonic acida. 



S[S'droxy-M»»e.}<=«°'(-'=A{fo^l.)-™«" 
are three dye-stufla, known as archil, culbear, and litmus, which 
are made from different iichena by exposing them in powdered 
condition in ammoniacal solution to the action of air. They 
are treated witli decomposing urine, from which the ammonia 
IS obtained. Archil contains a substance called orcein, which 
may be made fVom orcin by treating it with ammonia. Orcin 
is contained in several licbena. It is formed, also, by melting 
aloes with caustic potash, and by melting chlor-toluene-sulpho- 
nic acid with caustic potash. The last reaction shows that 
orcin is a di -hydroxy- toluene. 

Orcin crystallizes in large, colorless, monoclinic prisms. 
Turns red In the air. Ferric chloride turns the aqueous 
solution deep violet. 

Treat«d with ammonia in moist air, it is converted into 
orcein, CfH^NOg, a substance which dissolves in alkalies, 
forming beautiful red solutious- 

Orcin is manufactured ou the large scale, and then con- 
verted into orcein, which is used as a dye. 

Tm-acid Phenols. 

PjTos^lol. pyro^amo ""i. j o^oj- CA(OHU. 

Tri-hydroxy-benzene, \ -^^ h «"j u 

Fyrogallic acid is formed by dry distillation of gallic acid, the 
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reaction being analogmis to that by which benzcDe if 
by distillatimi of benzoic acid: — 



.H.|< 



J (OH), 

It is formed alao wlien one of the chlor-pbenol-sulphonic acids 
IB melted with caustic potash : — 

(O" KOH (°'' 

C,fl. ] a + J"" - C,H. } OH + KCI + K^O,. 

(.SO.K ■'"" lOH 

PolMrium chlor-pbenol- PyroeilkiL 

It crystallizes in laminie or needles ; melts at 1 15° ; is easily 
soluble in water, ether, aod alcohol. In alkaline sohrtion it 
absorbs oxj'gen rapidly and becomes brown. On account of 
this power to absorb oxygen it is used in gas analysis. It ia 
poisoDons. 

With a solution cootainiug a ferrous and a fenie salt it gives 
a blue color. 

Most of the phenols give color reactions with ferric chloride, 
and most of them change txAor in the air. Tliese changes io 
color are undoubtedly due to the action of oxygen upon them. 
Towards oxidizing agents they are all unstable, most of them 
breaking down readily and yielding as the chief product of 
oxidation, carbon dioxide. In general, the larger the number 
of hvdroxy! groups contained in a phenol the less stable it is. 
We shall see that these same statements hold good for the 
hydroxy-acids of the benzene group, of which gallic acid aud 
salicylic acid are examples. 

Alcohols of the Benzene Sebies. 

The phenols are those hydroxyl derivatives of the benzene 

hydrocarbons, which contain the hydroxyl in the place of one 

or more of the six benzene bydn^eus. But just as there are 
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two classes of ha1<^ea substitution -products of toluene, in one 
of which the substitution has talteu place in the benzene 
residue, and in the other in the marsh-gas residue, as indicated 
in the two formulas, — 

CsH,Cl . CH, and CeH, . CH^Cl, 
80, also, there are two classes of hydroxjl derivatives: (1) the 
phenols, and (2) those in which the hydroxy! is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to the formula, C9Hj.CHs.OH. It is isomeric with the 
cresols, CgHi.OH.CHs, and has entirely different properties. 
While the cresols are the true homologaes of phenol, the new 
substance is really methyl alcohol in which one of the hydrogens 
of the methyl has been replaced by phenyl, CgH,. It may 



be represented by the formula, C -^ „ , when its analogy to 
CHj ^ OH 

, is at once apparent. 
OH 

Benzyl alcohol, CH80C=C8Hi.CHjOH).— Benzyl alcohol 
or phenyl carbinol is found in nature in the balsams of Peru 
and Tolu, and in storax. In these substances it is, for the 
most i>art, in combination witli benzoic or cinnamic acid. It is 
made by treating the oil of bitter almonds, which is the corre- 
sponding aldehyde, with nascent hydrogen : — 

C«H,.CHO +K, = CaH5.CHa.OH. 

Oil of bliMr almoada. Benzyl alcobol. 

It is also made by replacing the chlorine in benzyl chloride, 
CbHb .CHjCl, by hydroxyl, just as methyl alcohol is made from 
melbyl chloride by a similar replacement. In the case of 
benzyl chloride it may be effected even by boiling for a long 
time with water : — 

CsHj.CHja -1- HsO = C6Hs.CH,0H + HCl. 
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Benzyl nicohol is a liquid with a pleasant odor. It boils at 

206.5°. 

Note fob Student. — Notice the great difference between the boll- 
Ing-poiiit of methyl alcohol anil pheDyl-metbyl alcohol. 

Oxidizing agents convert the alcohol, first, into the oil of 
bitter almonds or benzoic aldehyde, and finally into benzoic 
acid. The relations between the three substances are like 
those between any primary alcohol and the corresponding alde- 
hyde and acid, as shown by the formulas, — 

CtHbO, QHaO, C,H„Oi. 

orCjHj.CH^OH; orC»Hj.CnO; or CgHj.COjH. 

B«niyl olcobol. Benzoic sldebfde. Beuzoic acid. 

Hydriodic acid converts benzyl alcohol into toluene : — 
CsHj.CHjOH + 2HI = 03,. CH, + H^O + 21. 

Benzyl alcohol conducts itself, in most respects, like the 
primary alcohols of the methyl alcohol series. A large number 
of its derivatives have been made and studied. Among them 
are ethereal sails, of which benzyl acetate, CHj .CO.OC7H7, and 
b&izi/l nitrate, NOi.OCjK,, may serve aa examples; ethers, of 
which the methyl e(fter, CgHs.CHj.O.CHg, and the phenyl ether, 
CgHs -CHa .OCgHj, are good examples ; and subsiituUon-productii, 
of which chJor-bemyt alcohol, CgHjCI.CHjOH, and nitro-benzyt 
alcohol, CeHi{NOa).CHsOH, are examples. 

These substitution- products are not made by direct treatment 
of the alcohol with the substituting ^;ents, but by starting from 
the corresponding substituted toluene. Thus, chlor-benzyl 
alcohol is made from chlor-foluene, CnH^Cl.CHg, by first con- 
verting this into chlor-benzyl chloride, CaHjCl.CHjCl, and then 
replacing the chlorine of the group CHjCl by hydroxyl. By 
oxidation the substituted benzyl alcohols yield the correspond- 
ing substituted benzoic acids : — 

C«H,C1.CH»0H -t- 0, = CaH.Cl.COjH + Hp. 

Ctalor-beniolc add. 

C.H,(HO,).CH,OH -1- 0, = C,H.(N0j)C0jH -|- H^. 

tUtco-benzoln add. , - 1 
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Very few of the alcohols analogous to benzyl alcohol have 
been prepared. Plainly, the homologues may be of two kinds : 

1. Those which are phenyl derivatives of the alcohols of the 
methyl alcohol series. Of this class, phenyl-ethyl alcohol, 
CgH,.CH,.CHjOH, the isomeric substance CaHj.CH.OH.CH,, 
and phenyl-propyl alcohol, CeHj.CHa.CHi.CHaOH, are ex- 
amples. Phenyl-propyl alcohol is of special interest on 
account of its connection with cinnamic acid (which see), 
which has come into prominence since it hue been shown to be 
closely related to the interesting substances of the indigo group. 
It occurs in storax in tlie form of an ethereal salt, which will 
be spolien of more fully under the bead of Cinnamic Acid. 

2. Those which are derivatives of xylene, raesitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

"CHjOH' 



Tolyl carbinol .... CgH^ < ^ 



and Cuminyl alcohol .... 

which is made from cuminol, an aldehyde found in the oil of 
caraway. 

Aldehyiies of the Benzene Serie3. 

The aldehydes of this group are closely related to the alco- 
hols just considered. The simplest one is the oil of bitter 
almonds, or l)enzoic aldehyde, C,HaO. 

Oil of bitter almonds, ■]„„-, „„ n-r-m~. t^v- i 

,, ^ , IC,HbOC=CjHs.CHO).— Thissub- 

Benzoio aldehyde, J 

stance occurs in combination in amygdalin, which is found in 

bitter almonds, laurel leaves, cherry kernels, ete. Amygdalin 

belongs to the class of bodies known as glucosidea, which break 

up into a glucose and other substances. Amygdalin itself, 

under the influence of emnlsin, which occurs with it in the 
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plants, breaks up into benzoic aldehyde, hydrocyanic acid, and 
dextrose : — 

C^I;,XO„ + 2 H,0 = QHeO + CNH + 2 CsHuO,. 

Amfgdallii, Benzoic aJdebyde. I>alTaB«. 

Benzoic aldehyde niny be made : 

1. By oxidizing benzyl alcohol : — 

CaH,.CH/)H + O = CjHs-CHO + HjO. 

2. By distilling a mixture of calcium beozoate and calcium 
formate : — 

c^Hs-CoIom; 



H .;COOMl 



= C«H,.CHO + MjCOj. 



3. By treating benzoyl chloride, tlie chloride of benzoic acid, 
with nascent hydrogen : — 

QH,.C0C1 + H,= CeH,.CHO + Ha. 

4. By treating beozal chloride with water or mercuric oxide : — 

CbHj.CHCIj + HjO = CgHs-CHO + 2HC1. 

NOTB FOR Student. — Hefer to the general methods for the prepara- 
Uon of aldehydes. Which of the above reactions are used for the 
preparation of aldehydes in general? Which of the reactions throw 
light upon the nature of aldehydes, and their relation to alcohols? 

Benzoic aldehyde is prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from benzal chloride, 
according to reaction 4, above given. The latter method is 
employed in the artificial preparation of indigo. 

Benzoic aldehyde ie a liquid having a pleasant characteristic 
odor. It boils at 179°; is difficultly soluble in water; is not 
poisonous. 

It unites with oxygen to form benzoic acid ; with hydr<^en 
to form benzyl alcohol ; with hydr<^en sulphide, ammonia, 
ammonium sulphide, alcohols, acids, anhydrides, and ketones. 
In short, its powers of combination with other substances arc 
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almost nnlimited. Hence, a, very lai^e number of derivatives 
are known. 



Cuminic aldehyde, cutuiDol, CoHnO - GeH, < _ 



This aldehyde occurs in oil of caraway, from which it is made. 
It is a liquid with. the odor of the oil of cai'away. Its reactions 
are iike those of benzoic aldehyde. 



Acids of the Benzene Series. 

The simplest of these acids has been referred to repeatedly. 
It is benzoic acid, which bears to benzene the same relation 
that acetic acid bears to marsh gas. It is the carboxyl deriva- 
tive of benzene. The homologous acids are liic carboxyl 
derivatives of the homologous hydrocarbons. We shall find 
mono-basic, di-basic, tri-hasic, and even hexa-basic acids, 
though the number of acids actually known is smalL 



Monobasic Acids, CJl^_JOt. 

Benzoic acid, CiHcO/^^CoHs.COiH). — BenzMC acid occurs 
in gum benzoin, in the balsams of Peru and Tolu, and in 
combination with amido-acetic acid or glyein in the urine of 
herbivorous animals. It may lie made in many ways, the most 
important of wliich are stated below : — 

1. By oxidation of benzyl alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol series. 
The common condition in ail these alcohols is the presence of 
the difficultly oxidizable residue, CnHj, in combination with an 
easily oxidizable residue of an alcohol of the mai'sh-gas series ; — 

C^,.ClWll gives CcIIj.COjH; 

CsHj.CHg.CHsOH " CJI,.COsII; 

C„IIj.CHj.CHa.CHiOH " CcHi.CO,H, etc. 
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2. By oxidation of benzoic aldehyde, and the aldehydes of 
the other alcohols referred to in the preceding part^aph. 

S, By oxidation of aU benzene hydrocarbons which contain 
but one residue of the marsh-gas series. Attention has already 
been called to this fact (see p. 246). 

i. By treating cyau-beozene (phenyl cyanide, benzo-nitrile) 
with a caustic alkali (see Exp. 65, p. 267) : — 

CeH.CN + KOH + H,0 = CeH,.COi,K + NHj. 

5, By treating benzene with carbonyl chloride in the presence 
of alnminium cliloride : — 

C,H« + COCl, = C,H,.C0C1 + HCli 
CgHj-COCl + HjO = C^j.COjH + HCl. 

A reaction similar to tiiis is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully under the head of Tri-phenyl -me thane. 

6. By treating benzene with carbon dioxide in the presence 
of aluminium chloride : — 

C^ + CO, = CsHj.COjH. 

This and the preceding methods are of special interest from the 
scientific stand-point, for the reason that they clearly show the 
relation which exists between benzoic acid, on the one hand, 
and benzene and carbonic acid, on the other. 

Note foe Student. — Which of the methods above given are of 
gcDcral application for the preparation of the acids of carbon? 

Benzoic acid is prepared on the large scale : (1) from gum 
benzoin by sublimation; (2) from the urine of horses and 
cows by treating the hippuric acid with hydrochloric acid ; 
(3) from toluene, best, by converting it into benzyl chloride, 
and oxidizing this with dilnte nitric acid. 

Experiment 69- If the material is obtainable, evaporate a quantity 
of Uie urine of horses or cows to about one-half or one-third its vol- 
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ame. Add hydrochloric acid. On cooling, taippurlc add will be 
deposited. Recvystallize this several times from dilute nitric acid. 
Boil the bippurlc acid for tUxiut a quarter of an hour with ordinary 
concentrated hydrochloric acid. By this means the bippuric acid Is 
decomposed, yielding glycin (amldo-acetlc acid) and ImdzoIc acid : — 

Glycln. 

Benzoic acid forms lustrous lajuinse or oeedles, which melt 
at 121°. 

Experiment 70. Compare the melting-points of tbe two speci- 
mens of benzoic acid which haVe beeu made; (1) tcom phenyl 
cyanide (Exp. 65), and (2) from urtiie. If they are not the same, 
recrystalllze the specimens from water until the meltlug-polnts are 
not changed by further crystallization. Those specimens which are 
least pure may be purifled by recrystalliziog them from dllut« nitric 
acid. 

The acid is comparatively easOy soluble in hot water, but 
dtfScultly soluble in cold water. It is volatile with water 
vapor. 

Experiment 71. Put some In a one-litre flask, with abont 700™ to 
800«= water, Conucct with a condenser, aud boll down to about 200™. 
Neutralize tbe distillate with ammonia, and evaporate dowu to a small 
Tolnme. Acidify, when benzoic acid will be thrown down. 

Its vapor acts upon the mucous membrane of the respiratory 
passages, producing coughing. 
It sublimes very easily. 

Experiment 72. Put some dry benzoic acid In a small, dry crystal- 
lizing dish, and put tbe dish In a sand-bath. Over the mouth of tbe 
dish put a paper cone made from fllt«r-paper. arranged ns shown in 
Fig. IS. Heat with a small flame. The benzoic acid will be deposited 
on the paper in beautiful lustrous needles. 

Or another form of apparatus, which is useful for subliming small 
quantities of substance, consists, essentially, of two watch-glasses 
which are of exactly the same size. The edges of the glasses are 
ground to Becnre a good joint when they are brought together. In 
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using this apparatus, put the substance to be sublimed io one of the 
glasses; stretch around piece of fllter-paper over it, and tiicn place 
tile other glass upon it. Clamp tbc glasses together by means of a. 
tliin brass clamp. Now put the gbisaes on a sand-bath, and warm 



gently, when the substance will slowly pass through the paper and 
appear in crystals in the upper watcli.glass. It is well to keep a small 
pad of moist filter-paper on the upper glass during the operation. 

When heated with lime, benzoic acid breaks up into benzene 
and carbon dioxide (see Exp. 55) : — 

C,HA = CeH( + COj. 

With aodium amalgam, it yields benzyl alcohol and other reduc- 
tion-products. With hydriodic acid, it yields toluene, and then 
hydrogen addition- products of toluene. 

A great uiany derivatives of benzoic acid are known. 
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Nearly all its salta are soluble in water. 
Tlie ethereal salts may be made by any of the general 
methoiis already desciibed. 

e the general methoda for the prcpa- 

Experiment 73. Dissolve 40^ benzoic acid in 160™ absolute alco- 
hol. Pass dry hydrocliloi'lc acid gas Into the solution, keeping the 
latter cool by surrounding It with water. When the solution is 
tat-arated with hydrochloric acid, connect the fiask with an Inverted 
condenser, and warm gently on a water-bath for half an hour. Now 
add three or four volumes of water, when ethyl bcnioate will separate 
as an oil. Wash with water and a little sodium carbonate ; and, finally, 
dry. 

Benzoyl chloride, CsHj.COCI, and bromide, CaH,.COBr, 
are made from benzoic acid in the same way that acetyl chlo- 
ride is made from acetic acid. They are more stable than the 
corresponding compounds of the fatty acids-, but in general 
undergo the same kinds of change. 

Benzoyl cyanide, CgHs-CO.CN, is made by distilling mer- 
curic cyanide and benzoyl chloride ; — 

aCflHs.COCl -t- Hg(CN)2 = 2CsH5.COCN -J- HgCU- 

The cyanogen can be converted into carbosyl, and thus an 
acid of the formula CsHj.CO.COaH obtained. This is known 
fie benzoyt-formic acid. It is of interest, for the reason that 
one of its derivatives is also a derivative of indigo (sen 



Substitulion-Producls of Benzoic Add. 
Benzoic acid readily yields substitution -prodnets when treated 
with the halogens, nitric a<;id, and sulphuric acid. The products 
obtained by direct substitution mostly belong to the meta series. 
Tims, when chlorine acts upon benzoic acid, the main product 
13 meta-dUor-benzoic acid; nitric acid gives mainly meta-nitro- 
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benzoic add; and Bulphurie acid givee mainly metasutpko-ben- 
zoic add. 

NoTB FOB St0i>ent. — Compare fills with the result of the direct 
action of the same reagents on toluene. What are the first products 
of the action of uitric and sulphuric acids ou toluene? 

Substituted benzoic acids may be made, also, by oxidizing 
tlie corresponding substituted toluenes. Thus, chlor- toluene 
gives chlor-benzoic acid ; nitro-tol'iene gives nitro-benzoic-acid, 

CflH^Cl.CH, gives C^CI.COjH; 
CbH,{NO0CH3 " CjH,(NOj)COsH. 

The three nitro -benzoic acids and the corresponding amido- 
benamc adds may serve as examples of tJie mono-subs titutioD 
products. 

Ortho-nitro-benzoic acid, C,H6No/= 03* < ^q^ ). 

Ortho-uitro-benzoic acid is formed, together with a lai^e quan- 
tity of the meta acid and some of the para acid, by treating 
benzoic acid with nitric acid, by oxidizing ortho-nitro-tpluene 
with potassium permanganate, and by oxidizing ortho-nitro- 
cinnamic acid. It crystallizes in needles, melts at 147°, and 
has an intensely sweet taste. 

Meta-uitro-benzoic aaid, CH* < >j-q , is the chief prod- 
uct of the action of nitric acid on benzoic acid. It crystallizes 
iu laminae, or plates, and melts at 140° to 141°. 

Para-nitro-benzoio acid, C^ < ^q^,. is prepared best 
by oxidizing para-nitro-toluene. It crystallizes in laminie, 
melts at 238°, and is much less easily soluble in water than 
the ortho and meta acids. 

The determination of the series to which these three acida 
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Delong is effected by transforming them into the amido-aeids ; 
aacl these, through the diazo compounds, into the corresponding 

hydros3--acid8 of the formula CgH, < ^. 

Note por Studesjt. — Give the equations representing the action 
involved in passing from toluene to ortho-hydroxy-benzoic acid (sali- 
cylic acid) by the method above referred to. 

In a Bimilar way, lines of connection can be established 
between the three hydroxy-acids and the chlor-, brom-,, and 
iodo-benzoic acids. 

Note for Studbnt. — What are the reactions? 

The three hydroxy -acids, on the other hand, have been made 
by methods which connect them directly with the three bihasio 
acids of benzene, CgH, < qq^,- which, in turn, have been made 
from the three xylenes. 

Ortho-amido-benzoic acid,. / C^H \ 

Anthramlic acid, i \ NHifoj/ 

This acid is made by reducing ortho-nitro-benzoic acid with 
tin and hydrochloric acid, and by boiling indigo with caustic 
potaeb. It has already been stated that indigo yields aniline. 
Now, as ortho-amido-benzoic acid is also obtained, and this 
breaks up easily into aniline and carbon dioxide, 

C^* < ^J'jj = CeH. . NH, + CO,, 

it seems probable that the aniline is a secondary product. 

laatdne, CtHsNOif = C6H,<^^^C.Oh)- — Isatine is ob- 
tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid as follows ; — 

The amido-acid is converted into the chloride, the chloride 
into the cyanide, and this into the corresponding carboxyl 
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derivative, which is the ortho-amido derivative of beozoyl- 
formic acid. The ortho-amido -be nzoyl-fonnic acid thus ob- 
tained loses water, and is coaverted into isatine. The changes 
are represented by these equations ; — 

,COCN „!■ 

Onbo-amido.lieniorl 

^COCN 

N 

Onho-amldo-benzor]- 
formic acid. 

'^ = C,H,<'^*^ >C.OH -f- H^. 

N 

The formula given for isatine represents it as an anhy- 
dride of ortho-amido-benzoyl-formie acid, the water which is 
given off being supposed to be formed by a union of the 
two hydrogens of the amido group and an oxygen of car- 
bonyl. The formation of anhydrides of aromatic acids is 
a characteristic of ortho compounds. Neither the meta nor 
para compounds give up water. We shall find that this fact is 
illustrated in the case of the bibasic acids, the only one which 
yields an anhydride being ortho-phthalic acid, CjHj < -^ , 
which gives phthalic anhydride, CjH, < > O. This ready 
formation of anhydrides from ortho compounds, taken together 
with the fact that the meta and para com^munds do not yield 
anhydrides, has been regarded as an argument in favor of the 
view that in the ortho corajKiunds the two substituting groups 
are actuidly nearer together than in the meta and para com- 
pounds. 

The relation of isatine to indigo will be considered briefly 
under the head of Indigo. 
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Meta- and Para-amido-benzoio acids are made from the 

corresponding nitro acids by reduction. 

Hippuric aoid, benzoyl-amido-acetio acid, 
O^SiNOsC^ C6H5.CONH:CHiCO,H). 

Hippuric acid, as has already been seen (Exp. 69), occurs in 
tbe urine of lierbivorous animals, as the cow, horse, camel, and 
sheep. Some bippuric acid is found in human urine under 
ordinary cireumstances. If benzoic acid be taken with the 
food, it appears as hippuric acid in the urine, wiiile derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippuric acid can be made synthetically fi-om benzoic acid 
and acetic acid : 

1. By be&ting glycine with benzoic acid to 160° : — 



■ ■ Hippuric BiJd. 

2. By heating benzamide with chlor-acetic acid : — 
CeHj.CO.NHH + „f!^}>C^i = *^*'^'"^™ > CHj + HCl. 

HIppurlQ add. 

3. By heating glycine with benzoyl chloride : — 
CH,<^™ + Cl.OC-CHi = CHa<J"^^*^-^«"' + HCl. 

Hippuric acid erj-stanizes from water in long, rhombic prisms. 

It is decomposed into benzoic acid and glycine by boiling 
with alkalies, and more readily by boiling with strong acids 
(Exp. 69) ; — 

Note for Student. — What relation does hippuric acid bear to 
benzamide? What is the effect of boiling acid amides with alialles? 
Write the eqaatloii for the decomposition of benzamide, and compare 
It with that for the decomposition of hippuric acid. 
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Toluic aoids, CgHeO,. — There are four acids of this formula 
known ; viz. ; the three carboxyl derivatives of toluene in which 
the carboxyl takes the place of benzene hydrogen atoms, 
C,H, < p„'„5 a"d an acid obtained from toluene by replacing a 
hydrogen of the methyl by carboxyl, thus, CgHj.CHj.COsH. 
Oriho-, meta-, and para-toluic adds, CjH, < ^ , are made 
by oxidizing the corresponding xylenes with nitric acid : — 

They, as well as their derivatives, of which many are haown, 
have been studied carefully. The substituted toluic acids may 
be made either by treating the acids with strong reagents or 
by oxidizing substituted xylenes : — 

C„H3(N0,) <^^' + SO = C,H,(NO,) < ^^^ + H^. 

NEUo-xjkno. Nltro-lolutc scld. 

^Toluio .old, l0.H,O,(=0B..CH,.0O».-Ju.t 

Phenyl-acetio acid, > 
as benzoic acid may be regarded as pbenyl-formic acid, so 
a-toluic acid may be regarded as phenyl-acetic acid. It is 
obtained from mandelic acid, which is formed when araygdalin 
is treated with hydrochloric acid. It is prepared from toluene 
by converting this into benzyl chloride, from which the cyanide 
is made by boiling with potassium cyanide. The cyanide is 
then treated with an alkali, and yields the acid : — 

CaHj.CH, + Clj =CflHs.CHiCl +HCI; 

Botliug toluene. Beniyl chloiide. 

CsH^-CHsCl +KCN = Cellj.CHsCN + Ka; 
CHs-CHjCN + 2 11/) = CoHi.CH,.COsH + NH,. 

a-Tolulc acid. 

The acid crystallizes in thin lamiute ; melts at 76.5°. 
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Note for Student. — What would jou expect n-toliitc acid to yield 
wlien Oildlzed? (See p. 2*6.) What would jou espect It to yield 
wlien distilled with lime? What would jon expect the three toluic 
acids,CBH,< ^ , to jield by oxidation, and whea distilled with lime? 
(See p. 243.) 



Oxindol. CsHjNO =CbH.<^^>CO .— Oxindol is ob- 



NH" 



taioed hy reduction of isatine (see p. 289) ; and also from 
ortho-amido-a-Uiluic acid by loss of water, in the same way 
that isatine is foimed from ortho-amido-benzoyl-formic acid. 
When «-toIuic acid is treated with nitric acid, the para- and 
ortho-nitro acids are formed. The latter is reduced by 
means of tin and hydrochloric acid, when osindol is at once 
obtained : — 

Ortho.»mLdo...lolu[c Mid. OiindoL 

Meaitylenic acid, CjHioO/= CgHj | IJ^ji^Y — This acid 
has already been refcrrad to as the flrst product of oxidation 

of mesitylene. It is the only monobasic acid which has been 
obtained from mesitylene; and, according to the accepted 
hypothesis, it ia the only one possible. By distillation with 
lime, it yields metar-xylene. 

NoTB FOR Student. — Of what special algp'flcance is the formation 
of meta-xjiene f i-om mesityleulc acid? 

Hydro-cinnamiaaoid , (, 

Phenyl-propionio acid, J 
Hydro-cinnamic or phenyl -propionic acid is obtained by treat- 
ing cinnamic acid with nascent hydrogen : — 

CgH,.CH.CH.CO,H -I- Hj, = CaHs.CH^.CHj.COiH- 

I^wiiyt^cryllc acid. PnfiDfl.pnploidG acid. 



294 DERIVATITES OF THE BENZENB SEBtBS. 

It is also made by starting from ethyl-benzene, CeHj.CjH,, &nd 
using the same reactions that are necessary to transform toluene 
into a-toluic acid (see p. 292). It b a product of the decay 
of several animal substances, such as albumin, fibrin, brain, etc. 
It crystallizes from water, in long needles, which melt at 47°. 
It yields benzoic acid when oxidized. 

Ortho-amido-hydro-i„„ CH,.CH,.CO,H ^uj^ ^jj 
cinnamic acid, /^'^<NH,w ""^'''^ '^'^ 

is prepared from hydro-cinnamic acid in the same way that 
ortho-amido-n-toluie acid is made from a-toluio acid. It is 
not obtained in the free stat« ; but, like the ortho-amido 
derivatives of benzoyl-fonoic and of a-toluic acids, it losee 
water, and forms the anhydride, 

- Hydro-carbo- 

styril is made by treating ortho-nitro-hydro-cinnamic acid with tin 
and hydrochloric acid. It is a solid which crystallizes in prisms, 
melting at 160°. It is interesting chiefly for the reason that it 
is closely related to the imi>ortant compound quinoline (which 
see). Wben treated with phosphorus pentachlortde, hydro- 
carbostyrit is converted into di-chlor-quinoUne, The signifi- 
cance of tills reaction will be spoken of hereafter. 

BiBAsic Acids, CJRia-v^i- 
The simplest acids of this group are the three phthalic acids, 
nhicli are the di-earboxyl derivatives of benzene, belonging to 
the ortho, meta, and para series. 

acid was the first of the three acids of this composition dis- 
covered; and, as it was obtained from naphthalene, it was 
named phthalic acid. In addition to its formation from 
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naphthalene may be mentioDed that from alizarin ami \tai- 
purin; and from ortho-toluic acid, '^^i<co'h[o)' ^^ oxida- 
tion with potaesiiUD permanganate. 

Experiment 74. Mix 4W naphthalene and iO* potassium chlorate, 
aud add this mlsture gradually to 400E ordinary concentrated hydro- 
chloric acid. Naphthalene tetra-chloride, CggHg.CI,, Is formed Id this 
reaction. Wash with water. Gradually add 400a ordiuary codccd- 
trated nitric acid (sp. gr. 1.46), aud bull in a Qask connected with an 
inverted coudenscr. When all is dissolved, evapoiate the nitric acid; 
and, finally, distil the residue. Phthalic auhydridc pa^^ses over. Re- 
crystullize from water. This will be used for other experimenta. 

Phthalic acid forma rhombic crystals, which melt at 213° or 
lower, according to circumstance a, as, when heated, it breaks 
up gradually, even below the melting-point, into water and the 
anhydride which melts at 128°. Distilled with lime, it yields 
benzene ; though, by selecting the right proiKirtioas, benzoic 
acid may be obtained : — 

(1) C,H4 < gg^H = C^e -H 2 CO, ; 

(2) C^. < gg^ = CaH, . CO,H + CO,. 

Phthalic acid ia decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-xylene, when treated 
with chromic acid, does not yield phthalic acid. By boiling 
ortho-xylene with nitric acid, however, it yields oitho-toluic 

acid, C,'I(<co'lI(o)' ^°*' ^^^ ^'^y ^^ oxidized to phthalic 
acid bj' treatment with potassium permanganate. 

Phthftlic anhydride, C,H, < no -^ *^' '^ 'oiined by heat- 
ing phthalic acid. It forms long needles, which melt at 1'28°. 
Treated with phenols, it forms the compounds known as p/itka- 
l^ns (which see) . 

C,q,t,=cdbvC00g[C 



296 DEEIVATIVfiS OP THE BENZENE SERIES. 

Isophthalic acid, ) „„ , CO.H . - ■ . 

», I 1.4.1. 1- J t *^«^ < nn TT, ,. '3 formed by oxi- 

Meta-phthalic acid, > OU;M(m)' -' 

dizing either meta-xylene or meta-to!uic acid with chromic 
acid ; by distilling meta-benzene-diBulphonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide with an 
alkali. 

Note for Student. — Write the equations representing the action 
Involved in passing from meta-henzeae-tlisulphonic acid to isophthalic 
acid. Into which dihydroxy-beiizene Is this same disulphonic acid 
converted by melting It with caustic potash? 

The acid is formed, furthei', by treating meta-sulpho-benzoio 
acid with sodium formate : — 

benioBl«. pbtbalalE. 

This reaction is of importance, for the reason that the same 
8ul[)ho-benzoic acid, which is thus converted into isophthalic 
acid, can also be converted into one of the three hydroxy- 
benzoic acids ; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from water. It 
melts above 300°, and is not converted into an anhydride. 



Terephthabc acid, !„„ ,CO,H ~ .., ,. ,, 

Ti_ 1.4.1. T J fC6H,<««'„, . — Terephthalic acid 

Para-phthalie aoid, > CO,H(p) '^ 

is formed by oxidation of the oil of turpentine,' cymene, para- 

xylene, and parn-toliilc acid ; by heating a mixture of potassium 

para-Bulpho-beuzoate and sodium formate : — 

'"fills'" "" "■''"''" ° ''^:ll°£"' "■ ™°'°" 

' Tbe prefil tare It deiivnl fropi Ihe Lstla lerebtnthttmt, luipenttoe. 
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Para-sulpho-bcn zoic acid ia converted, into one of the three 
hydroxy-benzoic acids by caustic potash. In the para as well 
as the meta series, the lines of connection indicated below have 
been established : — 
rtxT ^OH p „ ^COjH pTi ^CHs 



fi n ^ COjH p XT ^ CH3 



Terephthalic acid is a solid which ia practically insoluble in 
water. It sublimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hex AB ASIC Acid. 
Mellitio acid, Ci5H60ij[= C,(CO,H),]. — This acid occurs 
in nature in the form of the aluminium salt, as the mineral 
Iioney-slone or melUte. The mineral is rare, and is found in 
beds of lignite. Mellitic acid has been made by direct oxida- 
tion of carbon with potasainm permanganate, and by oxidation 
of hex a-m ethyl- benzene, Ca(CHs)e- By ignition with soda-Ume 
it is converted into benzene and carbon dioxide : — 
CbCCObH)^ = CeHa -I- 6 COj. 
PlIENOL- ACIDS, OB HtdBOXY- ACIDS OF THE BeNZEME SeKIBS. 

It will be remembered that the alcohol acids or hydroxy- 
acids of the paraffin series form an important class, including 
such Cijmpounds as glycolic, lactic, malic, tartaric, and citric 
acids. The peculiarity of these compounds is their double 
character. They are at the same time alcohols and acids, 
though the acid properties are more prominent than the alco- 
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tancoae elevation of temperature. After all the diloroforia la ose<! 
up, and the action Ib over, boll for half an hour. Add dilate hjdtu- 
chlorlc or sulphuric acid until the ttolutlon has an acid reacUon. A 
thick, red-colored oil will be throirii dowD. Boll b; i>a^lng steam 
through the liquid, as In Exp. 67. A Ujjbtcolored oil will pasa over. 
This is the aldehyde of salicylic acid, together with some niiacted'Upoii 
phenol- Dissolve lu ether, and shake this with an aqueous solution 
of mono-sodium sulphite, when the aldehyde unites with the sulphite. 
Separate the ether solntlou of pbeuol tvom the lower water i^olntlou, 
aud ucidifj the latter with hydrochloric or sulphoric acid, when sali- 
cylic iildehyde is thrown down as an oil. Put the oil in a silver (or 
iron) basin with 2C* to 3C* caustic potash and a little water, and keep 
the mass in fusiou for an hour or two. By this means the aldehyde is 
oxidized to the acid. Finally, dissolve the mass in water, acidify, and 
filter off the salicylic acid which separates. 

The action of chloroform od phenol in the presence of eanstic 
soda is analogous to that of tetra-chlor-methane. It is repre- 
sented in this way : — 

CsHj.ONa + 3KaOH + CHClj 
,ONa 
"CHO" 

This reaction is of general application to pheools, and affords 
a very convenient method for the preparation of the phenol- 
acids. 

Salicjhc acid erystaHizes from hot water in fine needles. It 
melts at 155° to 156°. 

When heated, it breaks up into phenol and carbon dioxide : — 



C«H-<Xnu = CaH^.OH + C0>. 



With ferric chloride, its aqueous solution gives a character- 
istic darlt violet-bhie color. Free salicylic acid is antiseptic, 
preventing decay and fermentation. It is therefore used for 

preserving organic substances. 

Salicylic acid forms salts of tliL' genei*al fonniihi CjH,< ; 

and, witb tlie alkalies, compounds, in which botii thu phenol by- 
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drogen and the acid hjdrc^en are replaced by metals, as 
C,Hj < . Salts of the latter order, which contain the 

metala of the alkaline earths, are decomposed by carbon 
dioside. Salicylic acid forms ethereal salts of the general 
formula f'tH, < , of which methyl salicylate, CbH,<_ , 

is the best-known example. It forms, also, ether-acids of the 
general formula CgIi^ < ; and, finally, compounds of the 

general formula C^ir. < J?^ . 

A very large number of substitution- products and otlier 
derivatives of salicylic acid have been studied ; but thoy need 
not be considered here. 

That salicylic acid belongs to the ortho series, follows from 
the following facts : — 

Ortho-toluene-sulpfaonlc acid has been converted into ortho- 
Bulpho-benzoic acid, and this into salicylic acid. Furtiier, the 
same tolueue-Bulphonic acid has been converted into ortho-toluio 
acid, which, by oxidation, yields phtlialic acid. 



aulpbonic Orlfao-BulphD-bea 



(') WI.<^"' +30 =CA<^"-S,„, + H.O; 



,CH, 

■~ SO.K(») "^ """ "■"■' " CN(o) 
CH. 
CO,U(») 



(4) CA<^°' 


+ 2 H^O = CJJ^ < 

OHho.W 


(5) C.H.<™. 


+ 30 =C6H,< 
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Salicylid, C,H(0/=C»H4< I (7)Y is a substance obtained 

V CO y 

from salicylic acid by the abstrat^tioii of wat«r. Tliis ability to 
form anhydrides is in some way connected with the ortho rela- 
tion, as the two isomeric hydroxy -acids do not yield anhydrides. 

IToTB FOE Student. — Compare the three phthalic aclda In this 
respect. 



Oxybenzoic acid, Xcft <r ^^ 

Meta-hydroxy-beiizoic acid, > ° COiH(ni] 



.}«•=•<§?.»«• -■f"" 



acid is made from meta-amido-benzoic and meta-salpho-benzoio 
acid by the usual reactions. 

It crystallizes IVom water in needles united to form wart-like 
looking masses. It gives no color with (eiric chloride. Its 
connection with meta-phthalic (isophthalic) acid and meta-xylene 
is effected by means of the transformations tabulated on p. 297 ; 
that is to say, the same sulpbo- benzoic acid which, by melting 
with caustic potash, yields oxybenzoie acid, by melting with 
sodium formate, yields iaoptitbalic acid. Therefore oxybenzoie 
acid is a meta compound. 

Para-oxybenzoio acid, \ p tt ^ OH p 

Para-hydroxy-benzoic acid, > ' COsH(p)' 

oxybenzoie acid is formed from the corresponding amldo and 
Bulpho-benzoic acids ; by treating various resins with caustic 
potash ; from anisic acid (whicli see) , by heating with hydriodic 
acid : by heatiug potassium phenolate in a current of carbon 
dioxide. 

Note *ob Student Notice the tact that, while sodium phenolate, 

when heated Id a current of carbon dioxide, yieliia salicjlic acid, 
potassium phenolate, under the Game clrcumstauces, yields para^x;- 
beuzoic acid. 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with cliloroform and caustic soda (see Exp. 77) . 
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The reaBODB for considering para-oxybeazoic acid as a mem- 
ber of the para series are similar to those which show that 
oxyhenzoic acid is a meta compound. The same sulpho-benzoic 
acid which yiekls para-ox y benzoic acid, also yields terephthalio 
acid. 

Anisloaoid, |ca<°Sl .-AdIbIc 

Para-methoxy-benzoic' acid,* CO^H(p) 

acid i8 formed by the oxidatioa of anethol, CgHj < ?,^, a 
phenol ether contained in anise oil. It is made by heating 
para-oxybenzoic acid with caustic potash and metiiyl iodide. 
As the formula indicates, it is the methyl ether of para-oxy- 
benzoic acid. 

Dl-HYDROXT-BENZOIC AciDS. CJH4O4. 

Protooatechuio aoid, CoH, { „q _i, is a frequent product 
of the fijsion of organic substances with caustic potash. Thus, 
the following substances, among others, yield it ; oil of cloves, 
piperic acid, catechin, gum benzoin, asafcetida, vanillin, etc. 
It is made from sulpbo-oxy benzoic acid, and from sulpho-para- 
oxybenzoic acids by fQsing with caustic potash. 

Note for Stcdbnt. — What analogy Is there between the feet that 
protocatechiilc acid Is formed from sulplKujxybenzoLc acid and from 
enlpho-para-oxybenzoic acid, and the fact that pseudocumene Is formed 
from brom-meta-iylene and ft-om brom-para-xylene? Wliat conclusion 
may be drawn regarding the relations of the two liydroiyl groups, and 
the carbosyl In protocatechuic acid? 

By distillation with lime, protocatechuic acid breaks np into 
pyrocatechin and carbon dioxide : — 
f OH 
CHJOH = QH4 1 °J! + CO,. 

(C0,H f^lLin. 
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rOCH, 
Vanillic acid, CgHj \ OH . 's formed by oxidation of 

IcOiH 
vanillia, which is the corresponding aldehyde. It is the mono- 
methyl ether of protocatechuic acid. 

/ ( OCHj\ 

Tanillin, CsHbOjI^ C^] OH h occurs in nature, as a 
^ t- CHO ^ 

crystalline coating, on the fruit of the vanilla. It is madt 
artificially by treating the ether, C,H,< ', with chloroform 

and caustic soda. 

Thi-hydhoxt-benzoic Acids, CjHeOj. 

Oallic acid, C,H6oi = CtiH,{coH)'~ C'^*"'*' ^^^^ occurs 
in sumach, and in Chinese tea, and many other plants. It is 
formed hy boiling tannin or tannic acid with snlplmric acid ; by 
melting brom-protoeateebuic acid with caustic potash ; — 

QhJ (OH)j + KOH = C^H,] ^^' + KBr. 



.^. ^;J(OH)>. 



It is best prepared from gall nuts by fermentation of the 
tannin contained in them. 

Gallic acid is easily soluble in water. Its solution gives, 
with a little ferric chloride, a blue-black precipitate, which 
dissolves in excess of ferric chloride, forming a dark green 
solution. It readily reduces metallic salts in solution. Wlien 
heated, it yields pyrogaUol (pyrc^allic aeid) and carbon di- 

CflH, I ^^^' = CsHaCOH)^ + CO,. 

Tannic acid, tannin, CiiHidO„. — This substance occurs 
in gall nuts, from which it is extracted in lai^e quantities. It 
is an amorphous powder. It is markedly astiingent in its action 
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on the mucoUB membranes. It is soluble in natev, the solntion 
giving, with fevric chloride, a dark blue-black color. Tannin is 
used extensively in medicine, in dyeing, and in the manufacture 
of ink. Its relation to gallic acid is indicated by the following 
equation : — ^^ ^,^^^^^ ^ C.3«,0, + H^O. 



Ketones and allied Derivatives op the Benzene Serfes. 
The ketones of the benzene series are strictly analogous to 
those of the paraffin series, and they are made in the same way. 
Acetone is made by distilling calcium acetate : — 



CH,,CO|0^(,^i =tH.^co + CaCO, 



CH3I CO o 



CHs 



So, also, benzophenone or diphenyl ketone is made by dietill- 
iDg calcium benzoate : ~ 

CeHs.CO]0 ,, I CeH, p,^ , PnPn 

Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 
CHa.CO;OMi 
CsH^iCOOMl 



Ethyl-nictbyl 



And, similarly, mixed ketones containing one residue of a 
benzene hydrocarbon and one of a paraffin ; or, two different 
residues of benzene hydrocarbons may be obtained thus : — 
.J. C«H,.C0OM CflHj (^ ILCO.; 

^ -' CHa.COOM CH, ^ ^ *' 

Pbeoyl-methyl ketone, 



CgHs .COOM 



QH,, 



^'^ CIL<CS^ =^''"'>CO + M/:0, 

Fbenyl-tolyl-kelone. 

The individual ketones need not be considered. 
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QOINOHES. 

The quinones are peculiar bocties which in Bome ways are 
allied to the ketones. The simplest example of the clasB, and 
the one best linown, is called guinone. Its fomiula is CoHjOj, 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation U) the hydrocarbons, of which they may be regarded 
as derivatives. 

Quinoue, CeH,0» is formed by the oxidation of quinic add, 
hydroqainone, para-diamido-benzene, and some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It forms long, yellow prisms ; sublimes in golden-yellow 
needles. 

Hydriodic acid reduces quinone to hjdroquinone : — 

C»HA + 2 HI = CBH,(OH)a +21. 

The easy transformation of hydioquinone into quinone, and 
the opposite transformation of quiuone into hydroquinonc, as 
well as the formation of quinone from other para compounds, 
force US to the conclusion that the oxygen atoms in quinone 
are in the para jxtsition relatively to each other. Quinone 
appears, therefore, as a sulistance containing two carbonyl 
groups which are united by means of hydrocarbon residues, 
as indicated in the foi-mula, — 



r,(^ He CH 

(^><XX>C,H, or I I 

CO HC, ,CH 



A substance of tliis Icind may be called a di-ketone, and may 
be regarded as derived from a dibasic acid in the same way that 
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a simple ketoae is derived from a monobasic acid. Thus, the 
calcium salt of an acid of the formula CjH, < p^„„ ought, ac- 
cording to this view, to yield quinone by distillation : — 

[COU 1 i-Vi 

------------ = C,Ha<XX>C2H, + 2CaC0j. 

Several quinones have been studied. Under the head of 
Anthracene, we shall meet with an important one called anthra- 
quinone, which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expression is explained 
above. 

Pyeidine Bases, CnHj„_^. 
In the manufacture of lione-black, bones are subjected to dry 
distillation, when an oil passes over which is known as boiie oil. 
This oil is a complex mixture of substances, several of which 
have, however, been isolated. Among the pure siibstanceH 
which have been obtained from bone oil may be mentioned 
pyridine, picoliue, lutidine, and collidine. All these compounds 
contain nitr<^en ; and, starting with pyridine, they form a 
homolc^ous series : — 

Pyridine C,HiN. 

Picoline C(,H,N. 

Lutidine CrHgN. 

Collidine C,Hi,N. 

Pyridin©, OsHsN. — Besides being formed in the distillatioD 
of bones, pyridine has recently been made in several ways, 
some of which enable us to form a conception in regard to 
its relations to other substancos which have been considered. 
Great interest in the substance and its derivatives has been 
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aroused by the observation that several of tbe alkaloids which 
occur in nature, such as quinine, ciuclionine, nicotine, etc., 
when oxidized, yield acids containing nitrogen, which bear to 
pyridine the same relations tbat benzoic, phthalic acids, etc., 
bear to benzene. Thus, by oxidizing nicotine, nicotinic aeid is 
obtained. This has the formula CcHjNOj; and, when diatiUed 
with lime, it brealis up into pyridine and carbon dioxide : — 

CfiHjNOj = CfiHiN + COj. 

NicoUnk add. Pyridine. 

This natm-ally leads to the conclusion that nicotinic acid is 
pyridine-carbonie aeid, CjHjN.COaH, which bears to pyridine 
the same relation that benzoic acid bearB to benzene, acetic 
ftcid to marsh gas, etc. 

Pyridine is formed : — 

1. By treating iso-amyl nitrate with phosphorus pentoxide j — 

CiHu-NOa = CsHsN + 3HjO. 

2. By conducting acetylene and hydrocyanic acid tt^ether 
through a tube heated to redness ; — 

2CiiHj + HCN = CjHjN. 

It is a liquid with a peculiar, sharp, charaeteristie odor. It 
boils at 116.7'. 

It unites with acids forming salts. 

It has been suggested that pyridine is related to benzene ; 
and that it may be regarded as the hydrocarbon in which one 
of the six CH groups is replaced by a nitrt^en atom, as repre- 
sented in the formulas 

H H 



0^ ^CH 

1 1 


and 


1 1 


C\^/CH 




nc. ,CH 
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This view haa snggpsted various lines of investigation. Thua, 
if the nliove forainln really represent* the relations between 
benzene and pyridine, it is clear that the existence of three 
isomeric mono-stOjstitution products of pyridine ought to be 
possible. Thus, there should be three methyl-pyri dines or 
picoHnes, three pyridine-carl)onic acids, etc. The three pico- 
lines should correspond to the formulas 



H 


H 


CH, 


C^ ^CH 


HC'' ^C.CH, 


HO^ ^CH 


C. ,C.CH. 




1 1 
HC, ,CH 


OM]».plc«lilK. 


UeW-picollBe. 


PuaplcoHne. 



All three picolines are known; and, by oxidation, they are 
converted into the three pyridine -carbonic acids, CiH,N.CObH ; 
and these, when distilled with lime, yield pyridine and caibon 
dioxide. 

The pyridine bases unite with two, four, or six atoms of 
hydrogen. The addition-products tiius formed are believed 
to exist in the alkaloids. 

Piperidine, CjHiiN, a baae found in piperine, a oonetitueDt 
of pepper, has been shown to be hexa-h3 dro-pyridine. 

Nicotine is pi'obably of similar structure. 

Valuable results may be expected from the further investiga- 
tion of pyridine and its derivatives. 

Terpeneb, CioHig. 

In nature, particularly in the coniferous plants, occur several 
isomeric hydrocarbons, wiiieh are known by the; common name 
terpeiie. These substances are very susceptible to the action 
of reagents, and hence undei^o many clianges. One of the 
moat common changes ia polymerisation. Thus, when a terpene 
is heated in a sealed tube, or is shaken witJi concentrated sut- 
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phuric acid, or with boron fluoride and other substances, it is 
coDverted into polymeric modifications of the formulafl CuH^, 
and Cj„Hj(. The terpenes unite with hydrochloric and hydro- 
bromic acids, forming compounds, CioH„.HClandC»Hia.2HCl. 

Oil of turpentine, terebentbene, CioHis- — This oil is 
obtained by distilling turpentine, a resinous substance which 
exudes from iDcisions in the bark of various species of the 
pine, larch, fir, etc., especially from tbe pine. The oil consists 
largely of a hydrocarbon, CioH». The oils obtained from dif- 
ferent species of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of oil 
of turpentine, the following may be mentioned : It absorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, con- 
verting it into acetic, propionic, butyric, oxalic, para-toluic, 
tercphthalic acids and some other acids ; bromine and iodine 
convert it into cymene. 

Oil of turpentine is used in tbe manufacture of varnishes on 
account of its solvent power for resins. It is also used in 
medicine. 

The reactions above enumerated indicate clearly that there 
is a close I'elation between cymene and oil of turjjentine. This 
is shown by the fact that it is so readily converted into cymene, 
and that it yields para-toluic and tercphthalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentine is 
a hydrogen addition-product of cymene, of the formula 

CH» 

CsH, 

We know nothing in regard to the causes of the iaomeiism of 
the different terpenesi. 



Cqitl^cdbvCoO^lt: 



It should be observed that the above fonnnla furnishes no 

explanation of the fact that oil of turpentine acts like an un- 
saturated compound. 

Terpe,>e hydrochloride,, jj^,_^^_,^^_,^^,^,.^ 

Artificial camphor, > 

acid gas is conducted into oil of turpentine, a curious solid 
known as arlificial camphor is formed. It looks like oidinary 
camphor, and haa a very similar odor. When heated alone, or 
with bases, it gives off hydrochloric acid, and a terpene different 
from the oil of turpentine Is formed. 

Campeor. 
Bomeol, Borneo camphor, CoHieO. — Borneo camphor 

is a substance found in cavities in a tree {Dryobulanops aim- 
phora) which grows in Borneo, Sumatj-a, etc. It may be made 
by treating ordinary camphor with sodium : — 

2 CioHiflO + 2 Na = CJIuONa + C^^ONa. 

Ordlnnty Sodium compouDil Sodium tom|roiii>d 

camphor. itt uorncol. of ordjjmry 

camplior. 

The relation between the two kinds of camphor is shown better 
by the equation : — 

CJI,^ + Hj = C«JImO. 

Ordinary Bomeol. 

Camphor, laurinol, doHieO — This is the substance onli- 
uarily called camphor. It is obtained in China and Japan from 
different species of the genus campkora of the laurus family, by 
distilling the finely-cut wood with water vapor. It is purified 
by snblimalion. 

Camphor forms hexagonal crystals; melts at 175°, and boils 
at 204°. It is only slightly soluble in water ; easily soluble in 
alcohol. 

Boiled with iodine, hydriodie acid gas is given off and cymene 
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is formed. Phosphorus pentoxide decompose camphor into 
cymene and water : — 

C,»H,eO = C,^,. + HjO. 

Camphor. Cjmeno. 

The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170°. It will be seen that, 
as far as the composition is concerned, the difference between 
a terpeoe and camphor is one atom of oxygen : — 

C»Hie' CioHieO. 

Terpsne. Qunpliar. 

Tlie relation between the substances is undoubtedly a close 
one, as is shown by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known as canip/iene, which is 
formed by shaking oil of turpentine with sulphuric acid. 
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M-PHENTL-METHANB. TBI-FHBNTL-METHANB. 

TBTRA-PHENTL-MBTHANE, AND THEIR 

DERIVATIVES. 

As we have seen, toluene may be regarded either as methyl- 
benzene or phenyl-methane. Of course, according to all that 
is known regarding siiailar subatancee, the two views are identi- 
cal. Begarding it, for our present purpose, as phenyl-raetbane, 

we may write its formula tbus : 



Lh 



This suggests the possibility of the existence of sucb sub- 
ces as 

IH-pkenyt-m,ethane 



fCsH, 
.... C 0.H, 

f CsHj 
Tri-phenyl-methane ....... C -J ^*"', 

r CsH. 

and Tetra-phenyl-methane C < ^'"*. 

All these hydrocarbons are known, and the derivatives of 
tri-phenyl-methane are of special interest and importance. 

There is one reaction by means of which these hydrocarbons 
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can be made very readily. It has also been used for the synthe- 
sis of many other hydrocarbona. It depends upoa the remark- 
able fact that, wheu a hydrocarbon is brought tc^ether with 
a compound containiDg chlorine, and aluiiiiDium chloride then 
added, hydrochloric acid is evolved, and union of the two 
substances is effected, the aluminium chloride not entering into 
the composition of the product, Tims, when benzene and 
benzyl chloride, CjHj .CH2CI, aie brought together under ordi- 
nary cu'cumstances, no action takes place ; but, if some solid 
aluminium chloride be added, reaction takes place in the sense 
of the following equation : — 

CHj.CHaCl + C,He = CaHj.CH^.QH, + HCI, 

Di -pbenyl-melhime. 

and di-phenyl-methane is formed. 

Similarly, when chloroform and benzene are brought together 
in the presence of aluminium chloride, trl-pheuyl-metbane ia 
formed according to this equation : — 



Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon blether in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-methane when boiled with zinc dust; and benzal 
chloride, CbHj .CHCI2, and benzene give tri-phenyl-me thane : — 

CbHcCHCIj + 2 CflHo = CH(CeHs)3 4- 2 HCI. 

Only tri-phenyl-me thane will be considered. 

Tri- phenyl -methane, C,sH,e[= CH(C^)3]. — This hy- 
drocarbon may be made, as above described, from benzal 
chloride and benzene, and from chloroform and benzene. It 
may be made also from benzal chloride and mercury dipbenyl, 
Hg(C,H.)>:- 

CeHj.CHCl, + Hg(CsH,),= CH(C,H,)j + HgCU- 
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It fonns liistrODB, thin lamiiUB, which melt at 92°. It ia 
insoluble in water ; easily soluble io ether and chloroform. It 
is crj-staltized best IVom uk-ohol. 

Towards reagents it is very stable. Thus, ordinary concen- 
trated sulphuric acjid does not act upon it. r CjIIj 

Oxidizing agents convert it into tri-phenyl-carbinol, c J J^- 

I Oil 
That the oxidation-product is really tri-phenyl-carbinol appears 
probable, from the fact that whenever aromatic hydrocarbons 
which contain paraffin residues are oxidized, the paraffin resi- 
dues are first attacked, wbile, as a rule, the benzene residue is 
unacted upon. 

TrmltTO-tripl..>.yl- 1 o.JJ,.(NO,l.[-CH(O.H,NO,).], i. 
methane, 

formed by treating tri-phenyl- me thane with nitric acid ; and 
also by treating a mixture of nitro-benzene and chlorofoim 
with aluminium cblonde ; — 

CHCIj -f- SCsHf.NOi = CH(CtHj.N0j)3 + 3HC1. 
This reaction shows that in the tri-nitro product one nitro group 
is contained in each benzene residue. 

Triamido-tr iph enyl-meth ane, para-Iencauiline, 

C,3i=(NH,)„[=CH(aH,.NH,).]. 
The tii-amido coinjiound is made by reduction of ttie tri-nitro 
compound, and also by reduction of para-rosauiline. It is 
converted into para-roaaniline by oxidation. 

Aniline Dyes. 

The well-known substances included under the head of Ani- 
line Dyes are more or less simple derivatives of the two 
compounds called rosaniline and pora-rosaiiilbie. 

When mixtures of aniline and toluidine arc heated together 
with different oxidizing agents, such as arsenic acid, stannic 
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chloride, mercuric chloride, etc., several substanceB are formed, 
the principal of which are tlie two above named. Para-rosani- 
tioe, CigHirNj, is formed from para-toluidine and aniline, accord- 
ing to the equation, — 



Kosaniline, Ca>HigN3, is formed in a similar way : — 
CsH,N + 2 C,H,N + 3 O = CsoH^N, + 3 H,0. 

The composition and modes of formation of the two sub- 
stances show that rosanUine is a homologue of para-rosaniline, 
the relation between the two substances being represented by 
the formulas Cufl.iNj and C,9Hig(CHj)Ni,. 

By treating para-rosaniline witti a reducing agcut, it is con- 
verted into para-leu can iline, which has been shown to be tri- 
amido-triphenyl-methane : — i- C H NH 

line. aniUne. ^ Lh ' 

We see thus that para-rosaniline and rosaniliue, which are 
the fundamental compounds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-mothane. 

Fara-rosauiline, CnHuNj. — The formation of this sub- 
stance by oxidation of para-leucaniliue and of a mixture of 
toluidine and aniline was mentioned above. It is probably 
one of the constituents of the commercial dye known as fncA- 
aine. The relation between para-rosaniline and para-leucaiiiline 
is probably expressed by the following formulas : — 

rCflH4.NH, 



CHJCflHj CH-jCoH^.NH, C(OH) ] CsH^.NHj C 

Tri-phmyt I^ra-leneiinilinfl, Triamido.triphenyl- 



C6H,.NH, 
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AccoFdicg to this, para-rosaDitine is an anhydride of triamido- 
triphenyl-carbinol, somewhat of the same order aa oxindol, wMeh 
is an anhydride of ortho-amido-a-toluic acid (see p. 293) : — 

,CH,.CO.OH_ n.H.-CH.^m.„r r.H.--™,.CO_ 



Bosaniline, C»jH|»N,. — This is the principal constituent of 
commercial fuchsine. It is formed by oxidizing a mixture of 
aniline and tolnidine : — 

C^,N + 2 C^H^ +30 = CsoHuN, + 3 H,0. 

Experiment 78. In a dry test-tnbe put a little dry mercnric 

chloride and a few drops of commercial aniline. Heat over a small 
flame. Dissolve the product in alcohol, with the addition of a little 
hydrochloric or acetic acid. The beautiful color of the solution Is 
dne to the presence of the hydrochloride or acetate of rosaniline. 

On the lai^e scale, the oxidizing agent used ie arsenic acid. 
Care is taken to remove all arsenic acid from the product, bnt 
it is nevertheless sometimes found in the proilucts obtained in 
the market. Rosaniline crystallizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hy- 
di-ochloric acid it foi-ms the salts CjoHmNj.HCI and CsoH,(Jf 3.3 HCl. 
The former is the substance known as fucTisine^ though some of 
the fuchsine met with in the market is the acetate of rosaniline, 
CjoHjbNs .CjH.Ob- Fuchsine and the other salts of rosaniline 
dye wool and silk directly. For dyeing cotton cloth, however, 
a moniant is necessary. 

Dyeing. Animal fibres, in general, are colored directly by 
dyes ; that is to saj-, they have the power of forming with the 
jdyes stable compounds which adhere to the fibres. This is not 
true of vegetable fibres, as cotton cloth and linen. Hence, in 
order to dye the latt«r, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the fibres. Substances which act in this way are called 



818 m-PHBNY]>METHAHE, ETC. 

mordants. Among the substanceg used as mordanta are alu- 
minium acetate, ferric acetate, and some salts of tin. 

Experiment 79. Make a dilute solution of picric acid by dissolv- 
ing 2» to 3s in 200« to 300^'^ water. In a portion of It suspend a few 
pieces of wliite yarn or flannel. The vtoolUn material will be strongly 
died yellow. In another portion suspend a piece of ordinary cotton 
cloth. And in a third portion introduce a piece of cotton cloth wlikli 
has been soaked in aluminium acetate and afterwards partly dried. 
The aluminium acetate may be made by treating a solution of sugar 
of lead with enough of a solution of alum to precipitate the lead, and 
then tllteiliig off the lead sulphate. The unprepared cotton cloth, 
when removed from the picric acid solution and washed, will be found 
to be only slightly colored ; whereas, that piece which was soaked in 
the mordant will be fonnd to be strongly dyed. Similar experiments 
may be made with fuchslue. 

Among the simpler aniline dyea are the following : — 

Hofmann's VioJet. Thia ia either the hydrochloric acid oi 
acetic acid salt of tri-methyl-roaaniline. It is made by heating 
togetlier a salt of rosaniliiie, methyl iodide, methyl alcohol, and 
cauatic potash. 

Iodine Oreen ia the iodide of penta-methyl-rosaniline. 

Aniline Blue is tri- phenyl -roaaniline, CsnH,s(C9Hj)3N3, which ia 
formed by heating salts of rosaniline with an excess of aniline. 

Phthaleiss. 
Iq speaking of phthalic anhydride, it was stated that when 
this substance is treated with phenols, phthalei'ns are formed ; 
and, in speaking of resm-cin, a markedly fluorescent body was 
mentioned as being formed when phthalic acid and rcsorciu are 
heated togetlier. 

Phenol-phthalein, CmHuO.. — This substance is formed by 
ti'eatiiig a mixture of phenol and piithalic auyhdride with sul- 
phuric acid or some othei' dehydrating agent : — 

PbBnot. Fhlhulli: Fhenol- 

aDbydrlile. phthalelo. 
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The fused mties ia disaolvecl in caustic soda, and the phenol- 
phtlialein precipitated by the addition of ao acid. It forms a 
granular crystalline powder. Its solution in alkalies ia red or 
violet, according to the thickness of the layer. Acids destroy 
the color. Hence it is used as an indicator in alkalimetry as a. 
substitute for litmus. 

Phenol-phthalein, like rosaniline, is a denvative of tri-phenyl- 
methanc, as has been shown by the following somewhat compli- 
cated reactions : — 

The chloride of phthalic acid, or phthalyl chloride, CgHjOaClj, 
when treated with benzene in the presence of aluminium chloride, 
gives np its two atoms of chlorine, and in their place takes up 
two phenyl groups, thus : — 

CbHACIj + 2 CeHa = CgHA(CeH,), + 2 HCl. 

Phlbidyl cblaride. DipheDfl-phlluUlde, 

The substance tlius formed is known as diplienyl-phthalide. 
Its conduct towards water and bases is such as to show that it 
is the anhydride of an acid : — 

CsHA(C«H,), + HsO = CaHg03(C8H,)2 

When tills acid is reduced by means of zinc dust it loses 
oxygen : — 

l(CA), l(C.H,), 

And, finally', when tlie last product is distilled with baryta, it 
loses carbon dioxide and yields tri- phenyl- me thane ; — 

We have thus passed t\'om phthalic anhydride to td-phenyl' 
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methane, and the reactioDs just referred to are in all probability 
correctly represented by the following formulas and equations : — 
( C^, r CaH» 

CoHj 4- H O = C J *-'*''» 
CbH,.CO ' I CbH,.COsH. 

O 1 "-OH 

DlplieDil-pbUjHllde. or u- Trlpbenjl-cubinol- 

birdtldcof trlpbenyL-iar- <^BtboDla acid. 



c^. 


fCA 


cs. 


_clc.H. 


C,H,.CO,H 


1 C,H,.COJI 


OH 


I.H 




Trlphenjl-methine- 






C,H. 


rC,H, 


C,H, 


= c J ^^^ + CO, 


C,H,.COfl 


^ j c^, ^ ^^' 



C.H, 


|-C,H,.NH, 


C.H, 


„ I C,H,.NH, 


C,H,.CO 


C,H,.CO 


1 


1-0 1 



Tii-pbenj'l-nietbiine. 

Now, by making dinitro-diphenyl-phthalide, reducing it, and 
boiling the diazo compound with wat«r, the product is pbenol- 
pbtbalein. Hence, the latter compound appears to be the di- 
hydroxy derivative of diphenyl-phlhalide : — 

l-CaH^.OH 
CeH.-OH, 
CaH^.Co' 

io 1 

FhenoI.phibBlell]. 

The formula for phenol-phtihalein may also be written thus ; — 

C^,.OH ^, CeH, ^Q 

C„H,.OH ^0 ^ ' 

the curious arrangement of the carbonyl group being simply the 

sign of the anhydride condition between carboxyl and hydroxyl, 

of which the simplest expression is 

O 
= R< I + Hfi. 
CO 



^OH 
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Note for Student. — Althongh the reactions shove briefly de- 
scribed may at llrst sight appear to be difficult to comprehend, they 
are la reality simple enough. The student Is earnestly recommended 
not to slight them on account of the long naraea and complex (uminlas 
involved. They aflVird an eicelleut example of the methods upon 
which we rely for determining the natore of complex substances. 
Notice that all appears dark until the well-known substance tri-phenyl- 
methane is obtained, which suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon ; and how easily, when this 
conception has once beeu formed, the interpretation of all the reactions 
follows. 

Among the otlrer phthalems which deserve special meDtion is 
that which is formed with Fesorcio. 



Pluoresceto, resoroin-phthaleln, C^uOj. — This beau- 
tiful substance is formed by simply heatiDg t<^ether resoicio 
and phthalic anhydride : — 

2 CgH,(OH)i, + CaHA = 0^11^0^ + 2 H,0. 

Its solutions in alkalies are wonderfully Quorescent. The sub- 
stance, which is sold under the name " nranin " for the purpose 
of exhibiting the phenomenon of fluorescence, is an alkaline salt 



Tlie reaction wliich takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kiml as 
that which takes place between phenol and the anhyrlride to 
foim phenol-phthalein. We would therefoi-e expect to And that 
fluorescein is expressed by the formula 



OH 

OH 

OH 

OH 
C8H..C0 
— ' 
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which shows its aualc^y to pbenol-pbthalei'a, 

CbH,.OH 

C«H,.OH 
C^,.CO 
O — ' 

It is found, however, that in reality fluorescefn corresponds to 
the above formula leas one molecule of water ; and it is believed 
that the water is given off as represented thus : — 



C-j HOH = C»HuO,. 
CsH^.CO 

■-o — ' 



Eosin, tetra-brom-fluoresceic, (jMHsBrjOj, is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which suggests a color often seen 
in the sky at the dawn of day. Hence the name eoain, from 
^us, dawn. It is fluorescent, and is used as a dye. 
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CHAPTER XVn. 
HYDROCARBONS, CHto-s, AND DERIVATIVES. 

The hydrocarbons thus far considered are of three classes. 
They are: (1) paraffins, or saturated hydrocarbons of the 
marsh-gas series; (2) unsaturated hydrocarbons related to 
the paraffins; and (3) hydrocarbons wliich contain residues 
of the saturated paraffSus and of benzene. 

We now pass to a brief conaidi^ration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated pnr- 
affln. It bears to ethylene tlie same relation that toluene bears 
to marsh gas ; that is to say, it is phenyl-ethylene. 

Styreoe, phenyl-ethylene, C,H,(= CsHs.CH.CH,). — This 
hydrocarlSon is contained in liquid storax, — a fr^rant, hoiiej- 
lilte substance which exudes from various plants, as the liquid- 
amber. It is formed by distilling cinnamie acid with lime : — 
C„HA = CbHs 4- COg. 

Note FOit Studbnt. — What does this reaction suggest with regard 
to the relation between clnimmlc acid and etyreue? 

It is also formed from phenyl -ethane, CjHj.CjHj, in the same 
way that ethylene is forme<i from ethane : — 

( G,Ha + Brs, = C,HiBr + HBr 

I CjHjBr + KOH = C^Hj + KBr + HjO ' 

C.Hj.CiHs + Brj = CaHK.CjH4Br + HBr; 
C^.C^,Br + KOH = CbHj.CjHj -|- KBr + HjO. 
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Its formation by heating acetylene was mentioned on p. 

^'^^'■~ 4 CaHj = CsH,. 

Note fob Student. —What other polymeric product Is obtained 
by heaUug acetyleue? 

Styrene is a liquid of an aramatic odor ; boila at 144° to 
144.5°; insoluble iu water; miseible with ether and alcohol in 
all proportions. 

When heat«d alone up to 300°, or even when allowed to stand 
at oi-dinary temperatures, it is converted into a polymeric modi- 
fication, called meta-atyrene, which is a solid. This same change 
is readily efiCected by several reagents, such as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that ethylene does (see p. 212): — 

CaHs-C^H, + Br^ = GJI, -CsHsBra- 
Chromic acid and other oxidizing agents convert styrene into 
benzoic acid (see remarks, p. 246). Some higher members of 
tilts series have been prepared, such as phenyl-propylene^ phenyl- 
butylene, etc. ; but at present they are not of snflBcient import- 
ance to make their consideration necessary. 

Styrene is closely related to cinnamic a«id, from which the 
interesting and important compounds of the indigo group are 
obtained. 

Styryl alcohol, C,Hi<iO{= C,H5.CH.CH.CH,OH). — This 
alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also iu balsam of Peru. It 
forms long, thin needles, which melt at 33°. It boils at 
250°. It takes up hydrogen, and yields phenyl-propyl alcohol, 
CgH..CHs,.CHj.CHsOH (seep. 281) : — 

C.H,.CH.CH.CH,OH + Hj = CaHj.CHj.CHj.CHjOH. 

By treatment with hydriodic acid it yields ' allyl-henzene 
(phenyl-propylene), CsHj.CH.CH.CHg, and toluene. 
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Wlien oxidized with platinum bla<!k it is converted into the 
corresponding aldehyde, cinnamie aldehyde ; and, by further ' 
oxidation, into cinnamie acid. The relations between the three 
substances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 



These compounds are simply the phenyl derivatives of allyl 
alcohol, acrolein, and acrylic acid ; — 



Omnamio aoid, }cH.O,(=0J!..CH.0H.0O,HI. 

Phenyl-aoryho acid, ' 
Cinnamie acid is found in liquid storax, partly in the free con- 
dition, and partly in the form of an ethereal ealt in combination 
with styryl alcohol, as styryl cinnamate, in the balsams of Tolu 
and Peru. It may be made synthetically : — 

1 . By heating together benzoic aldehyde and acetyl chloride : — 

CaH..COH + CHg.COCl = CeHj.CjHj.COjH + HCl. 

This reaction will be better understood by writing it in two 
equations : — 

(1) CeH,.CH;Oi 

(2) C(H,.CH.CH.C0C1 + Hj0 = C8H,.CH.CH.C0^H + HC1. 

Cinnamyl clilDridB. 

The kind of action represented in equation (1) is not 
common. We have already met with it m the formation of 
mesitylene from acetone (see p. 248), in which case two hydro- 
gens from each of three methyl groups unite with an oxygen 
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atom from each of the three carbonyl groups. The prodaot 
is called a condensation-proiiucl, and the action is kDowD as 
condeaeation. 

2, By heatiEg together benzoic aldehyde and acetic anhy- 
dride : — 

CeHj.COH + (CjH,0),0 = C«Hj .C^^ -COsH + C^fii- 

It is probable that the action between benzoic aldehyde and 
acetic anhydride is of the same kind as that between the alde- 
hyde and acetyl chloride. 

3. By treating benzal chloride with sodium acetate : — 
C^.CU]Clj_ +CiH]iH.COjNa == CjHj.CH.CH.COjNa + 2HC1. 
CjHs.CH.CH.COjiSa + HCl = CgHi .CH .CH .COjH + KaCi. 

The acid is now manufactured on the large scale by this last 



Cinnamic acid is a solid which crystallizes in monoclinic 
prisms. It melts at 133°, and boils at 300° to S04". It is 
easily broken up into styrene and carbon dioxide : — 

CHj.CH.CH.CO^H = CgHj.CH.CHj + CO^. 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinnamic or phenyl-propionic acid, CflHj.CHj.CHj.COiH 
(p. 293) . It unites with hj'drochloric, hydrobromic, and hydrl- 
odic acids : — 

CbH..CsHj.COsH + HCl = 



Treated with substituting agents, such as nitric acid, ete., it 
yields substitution -products in which the entering atoms or 
groups are contained in the benzene residue, in the ortho and 
para positions relatively to the acrylic acid residue, CjHi.COjH, 
Bromine yields the addition-product CjHj .CjHjBrj .COjH. 
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Nitro-cinnamic acids, 0«H,{3?'' ' .—The ortho- 
aod para-acids are formed by difisolving cinnamic acid in Ditric 
acid. 

Note for Stitdbnt. — Wbat are tbe prodDcts vheo totaene is 
treated wltb nitric acid? Wbeo benzoic acid is treated in the sanie 
way? To whicli case Is the above analogons? 

Amido-cinnanLio acids, GgH, I ^^ ' ' . — These adds 
are formed by treating the nitro-acids with reducing ageut^. 
The orthoacid loses water when set free from its salts, and 
forms tbe anhydride carbostyril, CjHj< ' '^C.OH, anal<^oiis 
to hydro-carbostyril (p. 294). 

Coumarifi, n,TT,o^l — CaH, { H' ° ? ); is a compound found 
in Tonka beans, and in some other plant-substances. It has 
been made synthetically from salicylic aldehyde and acetic anhy- 
dride, just as cinnamic acid is made from benzoic aldehyde and 
acetic anhydride. The first product of this action is probably 
ortho-hydroxy-cinnamic acid, or coumaric acid, CgHj | ^U-g, ? 

which then loses water, yielding the anhydride or ooumarin. 
Couinarin lias a pleasant odor, like that of vanillin, and is used 
for flavoring. Treated with bases, it yields salts of coumaric 
acid. 
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CHAPTER XVIII. 

PHENYIr-ACETTLENE AND DERIVATIVES. 

Phenyl-acetylene, Eujetenyl-benzene, G,H(.C.CH, bears 
to acetylene the same relation that styrene, or phenyl-ethylene, 
bears to ethylene. It is made from styrene in the same way 
that acetylene is made from ethylene : — 

(1) C^H. +Brs =CjH4Brj; 

(2) CsH^Brj + 2 KOH = CJU + 2 KBr + 2 H^. 
CaHj.CsHj, + Ers = CflHs.CaHjBra; 
C,Hs.CiHaBrs + 2K0H = 

It is a liquid which boils at 139° to 140°. It unites directly with 
four atoms of bromine, forms metallic derivatives, and, in gen- 
eral, conducts itself like acetylene (which see) . 

Phenyl-propiolio acid, C35Hb05(= CHs-CO-COiH).— This 
acid is a carboxyl derivative of phenyl-acetylene, bearing to it 
the same relation that cinuamic acid bears to phenyl-etliyleue. 
It is made from cinnnmic acid, by treating brom-cinnamic acid, 
CflHs.CaHBr.COsH, with alcoholic potash : — 

CgHi.CsHBr.COsH = CaHj.C2.CO2H + HBr. 

It forms long needles, which melt at 136° to 137°. When 
hcat«d with wat«r, it breaks up into carbon dioxide and 
pheny 1-acety len e . 

Ortho-nitro-phenrl-propiolio acid, CtH,|j,Q ' , is 
made from ortho-nitro-cinnamic acid, in the same way that 
phenyl-propiolie acid is made from cinuamic acid (see pre- 
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ceding pan^raph). It is of special interest, for the reason 
that it can easily be transformed into indigo. The tiane- 
formation is most readily effected by boiling it with alkalies 
and grape sugar, or some other mild reducing-agent. The 
reaction is represented by the following equation : — 

2 C^ I SU*;*^'^ + H. = C,^i^A + 2 COa + 2 H^. 

Ortho-nilro-pheorl- 
proptollc icid. 

The acid is at present manufactured on the latge scale, for 
the purpose of making indigo. 

Indioo and Allied Compotjuds. 

In several plants, Indigofera tinctoria, Isalis tinctorial etc., 
there occurs a glucoside called indican, which, nnder the influ- 
ence of dilute mineral acids and certain ferments, breaks up, 
yielding indigo-blue and a substance resembling the glucoses. 
The indigo of commerce is prepared in the East and West 
Indies, in South America, Egypt, and other warm countries. 
At the proper stage the plants are cnt off down to the ground, 
put in a lai^e tank, and covered with water. Fennentation 
takes place, the indican breaking up and yielding indigo, as 
above stated. The liquid becomes gi-een, and then blue. 
When the fermentation is finished, the liquid is drawn off 
into a second tank. This liquid contains the coloring- matter 
in solution. In contact with the air it is oxidized, forming 
indigo, which, being insoluble, is thrown down. In order to 
facilitate the precipitation of the indigo, tiic liquid is thoroughly 
stirred. Finally, the liquid is drawn off, the precipitated indigo 
pressed and dried, and then sent into the market. 

The substance prepared as above has a dark-blue color. It 
contains other coloring- matters besides indigo-liluc. Its value 
depends upon the amount of the deiinite compound, indigo-blue, 
which it contains. 
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Indi^o-blue, indiirotin, Ci^ioNsOj. — Indigo-blue is ob- 
tained from commercial indigo by reducing it to indigo-white, 
and then exposing the clear colorless solution to the air, when 
indigo-blue is precipitated. 

Bxperlmeut 80. Into a, test-tiib« put a small quantity of powdered 
Indtgo; add Que zinc flllnga or zinc dust and caustic soda. When the 
mixture is heated the Indigo forms a colorless solution/ When this 
result has been reached, pour some of tlie solution into a small evapo- 
rattug-dtsh. Contact with the air colors it bine. 

Indigo-blue may be made artificially by a number of methods, 
among which the two following are the principal ones : — 

J. By boiling ortho-nitro-phenyl-propioUc acid (which see) 
with an alkali and grape sugar : — 

2 C«H, \ S'A^^^ -)- 4 H = CxOIioNA -1- 2 HiO -J- 2 COj. 

( NOi(o) 

2. By heating isatine (which see) with phosphorus trichlo- 
ride, phoephoms and acetyl chloride. 

Without going into the mechanism of these reactione, we see 
that there are two general ways of obtaining indigo artificially. 
The first starts from cinnamic acid, which is successively con- 
vei-ted into ortho-niti-o-cinnamic acid and ortbo-nitro-phenyl- 
propiolic acid; the second starts fi-om benzoic acid, which is 
converted into ortho-nitro- and ortho-amido-benzoic acids. The 
latter is then converted successively into the chloride, cyanide, 
and corresponding acid, the anhydride of which is isatiue. For 
fuller details of the reactions involved in the formation of ortho- 
nilTO-phsnyl-piopiolic acid, see p. 328 ; and for similar details 
in regard to isatine, see p. 289. As has been stated, indigo is 
now manufactured on the large scale by the first of the two 
methods above given. 

Indigo-bliie crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Jts vapor has a purple-red 
color. It is insoluble in water, alcohol, and ether ; soluble in 
auiliue and chloroform. Oxidizing agents convert it into isa- 
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tiue (which see). Heated with solid caustic potash, it yields 
carbon dioxide aod aDiline ; boiled with & solution of cauatic 
potash and finely -powdered block oxide of manganese, it is 
converted into ortho-atnido-benzoic acid (anthranilie acid) (see 
p. 289). 

A great many compounds related to indigo have been made, 
of late years, incidentally to the study of its chemical conduct. 
The synthesis of indigo has been effected, as a result of this 
studj'. The woi'lt undertaken was suggested by the few funda- 
mental facts, above stated, that indigo when decomposed readily 
yields aniline and ortho-amido-benzoic acid. The question 
which investigators have endeavored to answer is. What rela- 
tions do indigo-blue and the compounds allied to it bear to 
orthoamido-benzoic acid? Although, as far as indigo-l>lue is 
concerned, this has proved to be a difficult question, to which a 
definit« answer is still lacking, as far as some of the simpler 
derivatives are concerned it has been answered. Two of these, 
oxindol and isatine, have been considered in connection with 
the simpler compounds, to which they are most closely related. 
A few others will here be mentioned. 

Indigo-white, OioHuNjOi, is formed by reduction of indigo- 
blue, as above described. Its solutions rapidly turn blue in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, CgHjNOji, 
i. formed . - (,.H.NA + O, = 2 C.H.NO.. 

When isatine is treated with sodium amalgam, it takes up 
hydrogen, and yields dioxlndol, C3H7NO2: — 
CgHjNOs + Ha = CjHiNOj. 

IuUdc. DlDilndol. 

By fiirther reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol, CgHjNO : — 
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The relatione between oxindol and isatine cannot readily be 
made clear without a careful study of some very complex re- 
actions. 

It would ftlao lead too far and be unprofitable to discuss here 
the constitution of indigo-blue itself. Suffice it to say, that 
it has been shown to consist of a doubled group very similar 
to t^at of oxindol. 
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CHAPTER XIX. 

HTDROCABBON8 CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 

Just as the marsh-gae residue, methyl, CHg, unites with methyl 

CHj 
to form ethane, I , so the benzene residue, phenyl, CsHg, 

CHi C,H, 

nnites with phenyl to form the hydrocarbon, diphenyt, I , and 

similar residues of toluene, and the higher members of the series 
unite in a similar way to form homologues of dipheuyl. 

Diphenyl, 0|,H,o(= CMi -CeHs), — This hydrocarbon is made 
by treating brom-benzene with sodium : — 

2 C^jBr + 2 Na = C^H^ + 2 NaBr ; 

and by conducting benzene through a tube heated to redness : — 

2C^« = CuHio + H,. 

It forms lai^e, lustrous plat«s. It melts at 70.5°, and boils 
at 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is a» extremely stable substance- It resists the 
action of ordinary oxidizing agents, but with strong ones it 
yields benzoic acid. A lai^e number of derivatives of diphenyl 
have been studied. A curious one, known as earhazol, occurs 
iu coal tar. This has been shown to be a substituted ammonia 
containing a residue of diphenyl. It is properly designated by 
the name dipkenyl-imide, and is represented by the formula 

I >NH. It has been made synthetically by passing the vapor 

of diphenyl amine, NH | ^"jj*, through a red-hot tube, a reaction 
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takJDg place which is analogous to that mentioned above as 
taking place when benzene is treated In the same way, the 
product in the latter case heing diplienyl. 

Naphthalene, CioHs- — While the relations of diphenjl to 
benzene are clearly shown bj- its simple syntheais from brom- 
benzene, the relations of naphthalene to benzene have been 
discovered through a careful study of its chemical condnct. 
The facta can be best interpreted by assuming that the molecule 
of naphthalene is formed by the union of two benzene residues 
in such a way that they have two carbon atoms in common, as 
represented in the formulas 

H H 

HC-CH-C-CH-CH HC^ ^C^ ^CH 

I 1 I and I I i ■ 

HC-CH-C-CH-CH ^^\^/^\„/^^ 

H H 

How this conception was formed will be shown below, after 
the properties and the reactions of naphthalene shall have been 
considered. 

Naphthalene is a frequent product of the heating of organic 
substances. Thus, it is formed by passing the vapors of alco- 
hol, ether, acetic acid, volatile oils, peti-oleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and is sometimes found in gas-pipes used for gas made by 
heating naphtha, gasoline, ete., to high temperatures. It has 
been made synthetically by conducting phenyl-biitylene bromide 
over highly-heated lime : — 

CgHj.C^HiBra =. C^H^.Cs.C4H^ -f- Hj + 2 HBr ; 
and ^y conducting isobutyl-benzene over lead oxide ; — 
CsHj.CiH,, + 0, = CHj.Ca.CjH^ + SU/), 

Keilher of these reactions, however, is of much aeslstance 
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in enabling as to form a conception in regard to the nature of 
naphthalene. 

Naphthalene is prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 220°. This material 
is treated with caustic soda, and then with sulphuric acid, and 
dtstilled with water vapor. 

It forms colorless, lustrous, monoclinic plates. It melts at 
79.2°, and boils at 216.6°. It has a pleasant odor; is volatile 
with water vapor, and sublimes readily. It is insoluble in water; 
easily soluble in boiling alcohol, fram which it may be crystal- 
lized. Oxidizing i^cnts convert it into phthalic acid (see 
Exp. 74). 

The ease with which naphthalens yields phthalic acid, sug- 
gests that the hydrocarbon is probably a di-derivadve of benzene 
containing two hydrocarbon residues ; such, for example, as is 
y the formula CgH, J ^ '. Such a substance, how- 



IC^H, 

ever, contains unsaturated paraffin residues, and hence onght 
readily to take up bromine, bydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition -products of benzene than 
the addition- products of the unsaturated paraffins. They break 
op readily, and yield stable substitution- prod nets of naphtha- 
lene ; and, further, the first pj-oduct of the ac-tion of bromine 
on naphthalene is not an addition-pi-oduct, but mono-brom- 
naphthalene, CjoHjBr, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
seen that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, for example, styrene or phenyl- 
ethylene, CbHj.CjHj, and phenyl-aeetylene, CflHj.CjH, when 
treated with bromine or bydrobromic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought lo 
take up bromine with avidity before substitution of its hydrogen 
takes place. 
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The formula C«H, | ' ' and similar ones being thna rendered 
extremely improltabk, the next thought that Buggests itself is 
that ttie two gronps CjHg may be united, as represented in the 

(CH.CH 
formula CgRj } I . Assuming, further, ibat the two groups 

are united to two carbon atoms of the benzene residue which 
are in the ortho relation to each otber, we may write this same 
formula thus : — 

H 

HC^ ^C-CH-CH 



or, what is the same thing, • 





H 


H 






c 


r. 




HC 

1 


1 


CH 

1 



H H 

This formula represents naphthalene as made up of two 
benzene residues united in such a way that Ibey have two 
carbon atoms in common. Thin, as has been stated, repre- 
sents the hypothesis at present held in regard to t^e nature of 
naphthalene. 

As regards the asanmption tliat the two residues are united 
through carbon atoms which are in the ortho position rdatively 
to each other, it should be said that this assumption is made 
becanse phthalic acid is the product of oxidation ; and the facts 
already considered hare shown us that terephthalic acid must 
be represented by the formula 
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CO,H 

I I 

COJl 



and isopbthalic acid b 



CO,H 

I I 

HCs, ,CCO,H 



and hence, in terniB of tlie accepted bypottieeis, tlie third pos- 
siiile fomnila must be given to phthalic acid; viz., — 



HC^ ^C.COjH 

I I 

HCi ,C.CO,H 
C 
H 

Are there any facta besides tlie few alwve mentioned which 
make the hypothesis appear prohable ? 

There is an ingenious and interesting line of reasoning which 
appears to show that the fundamental notion involved in the 
above formula for naphthalene is true. This fundamental notion 
is that the hydrocarbon consists of two benzene residues which 
have two carbon atoms in common. The facts which lead to 
this conclusion are the following ; — 

When nitro-naphthalene is oxidized it yields uitro-phthalic 
acid. Tills shows tliat the nitre group is contained in s 
benzene residue ; and we may represent it by the formula 
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C,H,.NO, I p'„S tbe oxidatioD taking place as indicated thus: — 
C^ . NO, { ^ h' + 9 O = CeH, . NO, J ^[J^ + H,0 + 2 CO,. 

By reducing this same nitro-naphtbalene, amido-naphthalene 
is obtained ; and, when this is oxidized, phtlmlic acid is 
formed : — 

C,H,{^II'^^*+120 = CsHJ^^'^ + 2C0,+HN03+H,O. 

These two reactions show 0) that the part of nitro- naphtha- 
lene in which the nitro group is sitaated is a benzene residue ; 
(2) that there is another benzene residue in the compound into 
which the nitro group has not entered. 

It has been noticed, also, that by oxidation of a naphthalene- 
sulphonic acid, both sulpho-phthalic and phthalie acid itself are 
obtained. 

It follows, from these facts, that naphthalene is made np of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula CjoHg can be thus made up, is by having two 
carbon atoms common to the two residues, as represented in 
the formula already given. It cannot be made up thus : — 
H 



I I I 



I I I 

HC^ ^CH .CH 



-C^ 



for neither of these formulas expresses the fundamental idea of 
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the presence of two benzene residaes in the same molecnle. 
The only foimula which expresses this idea in terms of tiie 
commonly accepted hyj>othesis for benzene is 

a H 

HC^ ^C^ ^CH 

III 

H H 

The proof just given for this formula is independent of any 
notions regarding the ortbo, tueta, aud para relations in 
beDzene. As phthalic acid is the product of oxidation, it 
follows that the cartmxyl grou^is in the acid must bear to each 
other the relation expressed by the formula 
H 

I I 

HC. /C-COsH 

H 

and, tlierefore, that in all ortho compounds the substituting 
groups bear ttiis same relation to each other. Hence, by start- 
ing with the notion that the above fonnula represents phthalic 
acid, — and to tliia notion, it must be remembered, we are led 
independently of any facta connected with the formation of tlie 
acid from naphthalene, — the accepted formula of naphtlialeiie 
follows naturally. And, on the other liand, we are led, by a 
study of naphthalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 

Derivatives of NaphthaUne. 

An interesting fact whicli tiaa been discovered by a study of 

the mono-substitution products of naphthalene is this, — that 

two, and only two, varieties are known. There is an e- and 
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a yS-chlor-naphthalene, an a- and a /3-broiri-naphtbalene, etc., 
etc. This fact ie quite in harmony with the views held 
regarding the coastdtutioii of naphthalene, as will readily be 
seen by examining the formula somewhat more in detail. 
We see that there are two, and only two, kinds of relations 
which the hydr<^en atoms beav to the molecule ; all those 
marked with an a being of one kind, and all those marked 
with a fi being of another kind : — 



aH 



I I I 

^c c 

aH aH 

Here, again, a problem presents itself like that which was 
considered in connection with the bi-substitution products of 
benzene. Om* theory gave us three formulas, and three com- 
pounds are known. The problem was, to' determine which 
formula to assigu to each compound. Here we have two 
formulas for two brom-uaphthalenes and other mono-substi- 
tution products of naphtlialene, and we actually have two 
compounds ; . and the question arises, which of the two 
formulas must we assign to a given compound? The 
method adopted is simple, and can be explained in a few 
woi-ds. That niti-o derivative of naphthalene which is known 
as a-nitro-naphthalene yields nitro-phthalic acid by oxida- 
tion i and the relation of the nitro group to the carboxyl 
groups, in this acid, has been determined. It is expressed 
by the formula 

HC^ ^C-CO^H 

I I 

HC. /C-CO,H 



b, Google 
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while the formula of the other nitro-phtlialic acid is 

H 

NOjC^ ^C-COjH 
I I 

HC. ^C-CObH 

H 



As a-oitro-naphthalene yields the acid of formnla I., it fol- 
lows that in it the nitro group must occupj- the position of one 
of the hydrogen atoms marlfed a in the above formula for naph- 
thalene. Those substitution -products of naphthalene which 
belong to the same series as a-nitro-naphtlialeDe are called a 
derivatives. In the p compounds the substituting group or 
atom must occupy the place of one of the hydri^en atoms 
marked /J. 

Among the derivatives of naphthalene are the following : — 

Naphthoic acid, OioHr-OOiH. which bears to naphthalene 
the same relation that benzoic acid bears to benzene. 

ft-Naphthol, CioH, .OH. — This compound is made from naph- 
thalene in the same way that phenol is made from benzene ; — 

1. By treating n-naphtbyl-amine, CioH,.NHj, with nitrous 
acid. 

Note for Student. — Write the equations. 

2, By melting a-naphthalene-sulphonic acid with caustic 

potash. 

Note fob Student. — Write the equation. 

a-Napbthol is a solid which melts at 96°. It has an odot- 
somewhat resembling that of phenol. Its general chemical 
conduct is much like that of phenol. Toward oxidizing 
agents, however, its aution is peculiar. Thus, when boil.d 
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with potassium chlorate and hydrochloric acid, a di-ehlorine 

Bubstitution-piXHluct is formed ; and at the siLine time a 
second oxygen atom eiitei-s, and the product has the char- 
acteristics of the quinones (which see). It is di-chlor- 
uaphtho-quinone. It will be remembered tliat ordinary 
quinoue is fonned by the oxidation of hydro-quinone, a di- 
hydroxyl derivative. 

Some of the substitution -prod nets of naphtfaol are used as 
dyes; as, for example, dinitro-iiaphthol, C,oH,(N02)iOH, 
which is known as Marlins's Yellow; dinitro-naphthol- 
aulphonic add, Cu,H,(NOs)s{SOsH).OH, the potassium salt 
of which, K,C,(JI,N2S08, is known as Naphtkol Yellow S. 
With diazo compounds, naphthol has a remarkable power of 
combination ; and a great many derivatives containing resi- 
dues of diazo compounds, and of naphthol or its substitution- 
products, have been made, and some of them have found 
application as dyes. The simplest compound of this kindMS 
formed by bringiug together naphthol and diazo-benzene 
nitrate : — 
CkSt -OH -f- CeH,-Nj-NOs = C^H^ [ ^Jj["*^*"' + HNOg. 

It is called nophthol-diano-benzene. The dye known as Poir- 
riefs Orange II. is a snlphonic acid of naphthol-diazo-benzene, 
and is probably formed by treating diazo-benzeue-eulphoDic acid 
with naphthol. 

Naphtho-quinone, doHoOj. — This compound is obtained 

by oxidizing naplithalcne with chromic acid; also by oxidiz- 
ing n-amido-a-naphthol and other di-substitution products of 
naphthalene in which the two substituting groups are in the 
p.ira position relatively to each other. It beare to naphthalene 
tlie same relation that ordinary quinone bears to benzene ; that 
is, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 

It forms yellow needles, which melt at 125°, Like ordinary 
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quinone, it ie voltU^ile with water vapor. Hydriodic acid con- 
verts it into kydro-napMho-quitume : — 

C,^0, + H. = C»Ha(OH),. 

Note por Studknt. — Compare with the action of redncing a^^ts 
oil ordiiuuy qoinoDe. 



kaowQ b^ the Dame wipht/uKarin, on account ot its reaem- 
hlance to aUzarin (which see). 

Two homologues of naphthatene — methyl- and ethyl-naph- 
thalene — have been prepared. ^-Methyl- naphthalene has been 
found in coal tar. 

QUINOLINB AND ANALOGOUS COMPOUNDS. 

■It has been stated, that, by diatilling quinine and cinchonine 
with caustic potash, pyridine and some of its homol<^uea ai-e 
obtained. At the same time a base belonging to another series 
is formed, together with some of its tximologues. This base is 
known as quinoKne, to suggest its formation from quinine. It 
has the composition expressed by the formula CjHjN. The next 
two homologues of quinoline are lepidine, C^HgN, and dispo- 
line, CjiHiiN. Three bases, isomeric with the three named, 
have been found in coal tar. These ai'e known as leucoliue, 
iridoline, and cryptidiue. We thus have the two series : — 



Quinoline 
Lepidine 
Dispoline 



CgHjN . . . Leucoliue. 
CnHgN . . . Iridoline. 
C„H„N . ' . . Cryptidine. 



Quinoline, CsH,N. — Quinoline is formed by the distillation 

of quinine, ciuchouine, or strychnine, with caustic potash. It 
is formed from ceitain derivatives of benzene. 
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1. By passing allyl-aniliDe over heated lead-oxide : — 

CeH,.NH.CsH, = CbH^N + 4H. 

2. Byheating together glycerin, aaiiiae, and nitro-benzene : — 

(1) C^i.NOj + CbHA = CAN + 3 H3O + 0,; 

(2) C,JtNHj + CaHaOa = C»H,N + 3 H^O + H, ; 

(3) 2C(H^Hb + C,HiNOs + SCaHgOj = 3CVH7N + 11 HjO. 

3. From di-clilor-quinoline : — 

C^jCljN + 4 H = CaH,N + 2 HCl. 

The last method is the most suggestive, us it leatis to a defi- 
nite view in regard to the relation between qiiinoline and ben- 
zene, Di-ehlor-quinoline is made by treating hydro-carbostyril 
with phosphorus pentachloride. Hydro-carbostyril is the anhy- 
dride of ortho-hydro- cinnamic acid. This relation la partly 
expressed by the formula : — 

H Hj 

HC^ ^C^ ^CHa 



The transformation of hydro-carbostyril into di-chlor-quino- 
line takes place easily ; and the reaction can be best interpreted 
by assuming quinoline to be made up thus : — 



HC^ 


^C^ 


^CH 


( 
HCv 


1 


yca 



Quinoline is thus r^arded as formed from the union of a 
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residue of benzene and a residue of pyridine, in the same way 
that naphthalene is believed to be formed from two residues of 
benzeae. The formula suggests the existence of two isomeric 
quinolines, in one of which the nitr«^en is in the a positioD, as 
represented in the above formula, wbile in the other it is in 
the ^ position. The bases from the alkaloids Tielong to the 
a series ; tiioee from coal tar belong to the ^ series. 

Qiiinoline is a liquid which boils at 237°. Potassium perman- 
gaQat« coQverts it partially into cinchomeronic acid, C,HjNOi. 
This is a pyridine-dicarbonic acid, C,H3N(COjH)2. The for- 
mation of this acid is analt^ous to that of phthalic acid formed 
by oxidizing naphthalene. 

Quinoline readily takes up hydrogen, forming hydro-gutnoUtie, 
CgHjN, and telra-hydro-guinoUne, C^HuN. These, bm well as 
the hydrt^en addition- products of pyridine, are believed to exist 
in the alkaloids. Tetra-hydro-qutnoline has been found in the 
crude quinoUue obtained by distilling cinoboaine with caustic 
soda. 

Many derivatives of quinoline have been made. Substitution- 
products are obtained by treating nitro-products of substituted 
benzene with glycerin and aniline. 

A snlphonic acid is obtained by treatment of quinoline witJi 
sulphuric acid. From this, hydroxy-quinolhie, C»Ha(OH)N, has 
been obtained. Hydroxy-quinoline, like quinoline itself, takes up 
hydrogen, forming tetra-kydro-hydroxt/-qm}ioline, CjHw.OH . N. 
Finally, by treating this compound with methyl iodide, methyl 
is introduced, and a product obtained which is called hydro- 
metho^y-qiiinoliiie : — 

CsHiiON + CH3I = CioHuNO + m. 

This substance resembles quinine, and its hydrochloric acid 
salt is u.sed in medicine to some extent as a substitute for 
quinine. The salt is known as kairine. 
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CHAPTER XX. 

HTDBOC.«iBONS OONTAININa TWO BENZENE 
BESIDUES INDIKECTIiY COMBIKED. 

DiPHENTi. and naphthaleDeliaTe been shown to couaiet of two 
beozene residues in direct combination. Dipbenyl-metbane is 
an example of a hydrocarbon coDsisting of two benzene resi- 
dues in indirect combination, CsHj.CH^.CgHa. As dipheoyl- 
methane is closely rel.ited to toluene, it was considered in 
connectioQ with the hydrocarbons of the IranzeDe series. 
There are some hydrocarbons which have been shown to 
consist of two benzene residues UDit«d by means of resi- 
dues of nnsatnrafed paraffins. The most important of these 
is the well-known anthracene. 

Anthracene, OnHio- — Anthracene is formed under condi- 
tions similar to those which give rise to tlie formation of 
naphtlialcne, especially 1:^ heating oi^anic substances to a 
high temperature, and is hence fonnd iu coal tar. 

It has been made synthetically from benzene derivatives 
by a number of methods : — 

1. By passing benzyl- toluene, CflHj.CHa.CsH^.CHg, over 
heated lead oxide : — 

C„H„ + 20 = C»H,B + 2 HA 

2. By heating beuzyl-phenot with phosphorus pentoxide : — 
2C»Hj.CHi,.C6H.(OH) = C.flio + CbHb + C,H5(OH) + Kfi. 

3. By heating ortho-brom-benzyl bromide with sodium : — 

2C3*{g^^^ + 4Na =! C^HjB + 4NaBr -)- 2H; 
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= C,H,{^!?{c^. + 4N«Br + 2 H. 



J CH,Br Bt 

I Br BrH,C J 

Aotbracene is prepared in lai^e quantity from those portions 
of coal tar which boil between 340° and 3C0°. The distillate 
is redistilled, and that which remains in the retort after the 
temperature has reached 350° is crystallized from xylene. It 
is then ei-ystallized from alcohol, and finally sublimed. It is 
difficult to get it in perfectly pure condition. The color may 
be removed by dissolving the substance in benzene, and expos- 
ing it to direct sunlight. It forma laminie, or monoclinic plates, 
which are fluorescent. It melts at 213°, and boils above 360°. 

Anthracene takes up hydrogen, forming di-hydro-anthracene, 
CuH,2, and hexa-Jiydro-anthracene, Ci,Hig. It takes up bi-omine 
and chlorine, forming first addition -products, and then substi- 
tution-products . 

Oxidizing agents convert anthracene into antkra-qmrume, 
Ci^jOj, just as they convert naphthalene into naphtha- 
quinone. 

The formation of anthracene from ortho-brom-benzyl-bro- 
mide (see above) furnishes strong proof in favor of the view 
that anthracene consists of two groups, CgH,, united by the 
group C2H2; thus, CgHj . CaHj . CgH,. It hence appears as a 
diphenylene' derivative of ethane, C^Ji^iCe^,)!, analogous to 
diphenyl-ethane, CjH,(C6Hs)j. This conception may also be 
expressed thus : — 

H H 



This is the formula commonly accepted for anthracene. It is 

' Fheayleae = CgH,. 
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in harmony with a large number of facts, and lias been an 
efficient aid in investigations on anthracene and its dei'ivatives. 

Anthraqumone, CMsOl^OMt <qq> CeH.]. — Anthra- 
quinone is formed by direct oxidation of anthracene ; — 
C„H,„ + 0, = C»HjOj + H^O. 

The simplest eyntheeis of antbrnquinone that has been ef- 
fected consists in distilling calcium phthalate. It is believed 
that the reaction which takes place is analogous to that which 
takes place when the calcium salt of a monobasic acid is distilled. 
As is well known, in the latter case a ketone containing one 
carbonjl group is formed ; and it is believed that the product 
formed in the distillation of calcium phthalate contains two 
carbonyl groups, and that it is a representative of a class of 
bodies which may be called diketones. The subject of diketones 
was briefly discussed under the head of Quinones (which see). 
The equation representing the formation of anthraquinone from 
calcium phthalate is here given ; — 



c,HJiy"X>Ca: 



coo 



^co 



.^ = CflH,<^^>CA+ 2CaC08. 



fcofo — -|-^'^^co 

Experiment 81. Dissolve IW commercial anthracene In 50™ to 
76™ glacial acetic acid. Add 20s powdered potassium bichromate. 
Boll until the solution Is dark green, and Uien add water. Anthra- 
quinone Is precipitated. Filter off, wash, drj, and sabUme. 

Anthraquinone forma rhombic crystals. It sublimes in yellow 
needles ; is insoluble in water, but sliglitly soluble in alcohol 
and ether. It is an extremely stable compound, resisting the 
action of alcoholic potash and oxidizing agents. Melted with 
solid potassium hydroxide, it yields benzoic acid : — 



Ci^ A + 2 KOH = 2 C;HAK ; 



C8H^<^^>C«H, + 2 KOH = 2CsHs.C00K. 



Cooglf 



Reducing agents convert it successively into oxanlJiranol, 
ChHwOj, antkrajiol, CuHmO, and anthracene, CuHjo. These 
changes may be represented thus : — 

C,U,<^^^^^^>C^ + H, = CH,< , >C^ + H^; 



C»H,< ^^""-' >C^ + H, = C^4< 1 >C«H. + HjO, 



C(OH) , 

,-, ""' CH 

When heated with zinc dust, it yields anthracene. A great 
many derivatives of anthiaquinone have been made. Among 
the beat known are the hydroxyl derivatives, some of which 
are much-prized dyes which are manufactured in great quan- 
tities. 

The hydroxyl derivatives of anthraquiuone may be made by 
melting either the bromine derivatives or the sulphbnic acids 
with caustic potash. 



^ }C.360,[=C,.H,0,(0H),]. 



Di-hydroxy-anthraqumone, f 
Alizarin is tbe well-known dye which is obtained from madder 
iXKit. The substanre found in the root is ruberythric acid, a 
glucoside of the formula CjoIIaaOu. When this is treated with 
- dilute acids or alkalies or ferments, it Is decomposed, yielding 
alizarin and a glucose : — 

CajHjaOjj = ChHA + C,II,A + HjO. 

It is formed by melting dichlor- or dibrom -anthraquiuone or 
authraquinone-disulpbonic acid with caustic potash ; — 

Ci,H80i(SOsK)j + 2 KOH = C,iHsOs(OH), + 2 K^SOa- 
Alizarin is now manufactured from authraceue on the large scale, 
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and lai^e tracts of land which were formerly used for culti- 
vating madder are now used for other purposes. 

Experiment 82. Dissolve 20* anttiraquluone In a small quan- 
tity of fuming sulphuric aclii, heating giadually to leO". Dissolve tho 
product In a litre of water. Neutralize with fiuely-powdered chalk ; 
filter. Precipitate with a solution of sodium carbonate; filter; and 
finally evaporate to dryness. The salt thus obtained is Impure sodium 
anthraquinone-disulphonate. In a silver (or Iron) crucible melt this for 
half an hour, with potassium hydroxide, at a temperature not above 
270°. The formation of alizarin, during the melting of the salt with 
caustic potash. Is shown by the dark-purple color of the mass. When 
a Uttle of this Is dissolved in water, it should form a beautiful purple. 
red solution. Continue the melting until the mass acts in this way. 
Dissolve the mass In f to I' water, and acidUy. Alizarin is thrown 
down In brown amorphous flakes. Filteroff, dry,and sublime between 
watch-glasses. 

Alizarin forms red needles, which melt at 289° to 290". It 
dissolves in alkalies, forining dark purple-red solutions. Whea 
heated with zinc dust, it yields anthracene. It was this reaction 
which gave the first clue to the nature of alizarin, and led, soon 
after, to its synthesis. 

Some compounds, isomeric with alizarin, and also derived 
trom anthracene, are known. 

Piirpuru., tC"H.O..[0,JlO,{OH).]. 

Tri-hydroxy-anthraqumone, > 
Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It may be made by melting alizarin-sul- 
phonic acid with caustic potash, and also by melting tri-brom- 
anthraquinone with caustic potash. 

Anthrapurpurin, ieopiirpurin, CuHjOJOHIb, is found in 
artificial alizarin. 



I^enanthrene, CmHiq, which is isomeric with anthracene, is 
also found in the higher boiling parte of coal tar. The chemical 
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PHBNASTHRBNB. 351 

conduct of this hydrocarbon haa led to the concluBion that it 
cousJBts of two benzene residues directly united, as in diphenyl, 
C^Hj— CaHj ; and that a further connection between the benzene 
residues is established through a group — CH = CH— , thus 
giving as the expression of the structure the formula 

I I • 
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CHAPTER XXI. 

GLUOOSIDBS, ALKALOIDS, BTO.-CONCLtTSION. 

Undek the head of the sugars, reference was made (see p. 
178) to a class of bodies called glucosides, which occur in 
nature in the vegetable kingdom. These bodies break np 
under the influence of dilute acids or ferments into sugar and 
other bodies. Thus, salicin breaks up, according to the equa- 
*'"" C8H^(0H)CHj(0C,H„0.)+ HjO 

= CsH,/), + C9H4(OH)CH20H 

Deitniae. BalicyLic slcobol. 

into dextrose and salicjlic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

Aesculin, CsHieOu + 1! H^O, occurs in the bark of the 
horse-chestnut tree (Aeseulus Hij^ocastanum) . It breaks up 
into dextrose and aesculetin ; — 

CuH,A + HjO = CaHuOs + CgHA- 

AeacullD. Deitroee. Ae«u[eliD. 

Its water solution shows blue fluorescence. 

Amygrdalin, C»H„NO„ + 3 HjO, occurs parttcularlj in bit- 
ter almonds ; also, in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, which is an aqueous 
extract of almonds, amygdalin is broken up in benzoic alde- 
hyde, hydrocyanic acid, and dextrose ; — 

CmH^,NO„ + 2 H,0 = CHoO + CNH -t- 2 C«HuO.. 

Tannine. — Under this head are included a large number of 
substances, some of which are glucosides. They all give either 
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a blue or a green color with ferric salts. They have a bitter, 
nstriDgent taste ; are precipitated by solutions of gelatin ; pre- 
cipitate solutions of metals, and absorb oxygen in alkaline 
solution. Tbey also unite with auimal membranes, forming 
compounds which resist the putrefactive forces, thus tannivff 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breal^s up into gallic acid 
and glucose. 

Helioin, CijHjsO, + J H,0, is formed by the oxidation of 
saliein (which see). It has also been made artificially by mix- 
ing an alcoholic solution of acetochlorhydrose with the potassium 
compound of salicylic aldehyde : — 

C«H,C10,(CjH30)* + C,HjO,K + 4 CjHeO 
= CsHiA + KCl + 4CjH,.CjH30i. 
Acetochlorhydrose is formed by heating dextrose with an 
excess of acetyl chloride. 
Helicin breaks up into dextrose and salicylic aldehyde. 

Indican, G^H]iNO,t, occurs in woad. It yields, among 
other products, dextrose and indigo blue -. — 

CjbHjiNOit + 2 HjO = 3 C^wO, + CgHsNO. 

Indigo blue. 

Myronic acid, C|oH|jNS,0,o, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosin, which is contained in the aqueous extract of white 
mustard seed, potassium myronate is converted into dexti'ose, 
allyl mustard oil, and potassium bisulphate : — 

CioIIiaNS^OioK: = CaH^Og + CgHj.NCS + KHSO,. 

Balicln, CisHmO,, occurs in willow bark, and in the bark and 
leaves of poplai's. - Its decomposition into salicylic alcohol and 
dextrose has been referred to (see preceding page). 
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854 ALKALOIDa. 

Saponin, Cf,H^0,8> is found in soap root (Saponaria. offici- 
nalis). Its water solution fonns a lather like that formed by 
soap. Tbis property is frequently utilized for the purpose of 
giving to ' ' soda water " the api)earauce of effervescence. 

Alkaloids. 
The alkaloids are comiwunds occurring in plants, frequently 
constituting tbose parts of the plants which are most addve 
when taken into the animal body. They are hence sometimes 
called the active principles of the plants. Many of these sub- 
stances are used iu medicine. As regai-ds their chemical char- 
acter, they are basic in the sense that ammonia is basic ; thej' 
contain nitrogen, and form salts, just as ammonia does, i.e., by 
direct addition to the acids. These and other facts lead to the 
belief that the alkaloids are related to ammonia — that they are 
substituted ammonias. Recently it haa been shown that several 
of the alkaloids are related to pyridine (see p. 307) and quino- 
line (see p. 343). Only a few of the more important alkaloids 
need be mentioned here. 

Alkaloids of Peruvian Bark. 
Quinine, C^u'SiO, + 3 H,0. — This valuable substance is 
obtained from the outer bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relation to 
pyridine and quinoline has led to a large number of investiga- 
tions on the derivatives of these two bases, and it is probable 
that before long it will be possible to make quinine synthetically 
in the laboratory. 

The salts of quinine are formed by direct addition of the baae 
to the acids. Thns, we have 

Quinine hydrocMoi-ide . Cj„H^NA-HCl; 
Quinine ntirate .... CsoHaNaOj . HNOj ; 
QumtTie aulphate . . . CajHj^NjO, . HaSOj, etc., etc 
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Ciachonine, CjoHmNjO, cinchonidine, OuHaNjO, and 
other bases occur with quinine in Peruvian bark. 

Cocaine, Ci,Hj,NO„ is found in cocoa leaves (Erythroxt/lon 
c-ica). Very little is known regarding its chemical nature. Its 
liydrochloric acid salt, ChHjiNOj.IICI, has recently come into 
liTominence in medicine, owing to the fact that a small quantity 
of its solution placed upon the eye causes insensibility to pain. 

Nicotine, GjoHnNj, occurs in tobacco leaves in combination 
with malic acid. Potassium permanganate converts it into 
nicotinic acid, which is one of the possible pyridine-monocar- 
bonic acids. 

Alkaloids of Opium, 

Opium is the evaporated sap which flows from incisions in 

the capsules of the whit« poppy (^Fapaver somnifernm), before 

tliey are ripe. The two principal alkaloids contained in opium 

iire morphine and narcotine. * 

Morphine, C„HnNOj + B^O, is a crystallizable solid which 
is difficultly soluble in water, alcohol, and ether. When de- 
composed, it yields pyridine, trimethyl-amine, and phenanthrene, 
together with other products. 

Narcotine, CssHuNOv, has been shown to contain three 
methyl groujra, which are split off, as methyl chlonde, when 
the substance is heated with hydrochloric acid. 

Piperine, C„Hi(NO„ is contained in black pepper. When 
treated with alcoholic potasii, it breaks up into piperidine and 
piperic acid r — 

CjjH^NOa + HjO = C.H„N + C^ioO.- 

piperidine. PIpf rie Bcld. 



866 CONCLUSION. 

Piperidine, OiH„N, which, as just stated, is fonned by the 
decompositioQ of piperinc, has been made synthetically by treat- 
ing pyridine with uasceut hj'drt^en : — ■ 

C^HiN + 6 H = CjHuN. 

PfridlDe. Piperidine. 

It may therefore be called Itexa-hydropyridine (see p. 309). 

Strychnine, Cj,HkNiO,, andbrnoine, CbHJ^,0( + 4H,0, 
are two alkaloids which occur in nux vomiea. 



In the animal body occur a large number of complicated sab- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins, caseins, and fibrin ; 
the coloring-matters of the blood, oxyhtemoglobin, h£em<^lobin, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is quite 
limited. 

The study of the composition of animal substances, such 
as milk, urine, etc., and of the relations of the chemical sub- 
stances occurring in the body to the processes of life, is the 
object of physiological diemistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, however, 
the subjects treated under the head of Physiological Chemistry 
cannot be understood. 
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Pagb 165, After ninth line from bottom, Insert : — 

We have seen that the sulphonic acids and carbonic acida are 
analogous ; that, for example, methyl -sulphonic acid, CHj.SOsH, 
is analogous to methyl-carbonic or acetic acid, CHa-COgH. 
Now, just as the liydroxy-acids above coueidered are derived 
from the carbonic acids by the introduction of hydroxyl, so we 
can imagine a series of hydrosy-acids derived in a similar way 
from the sulphonic acids. Only one such acid is well known, 
and it alone need be considered. It is — 



laethionic acid, CiHi<«_„, also known as kt/droxj/- 



,OH 

etkyl-siiCphonic iicid. In composition it is analogous to the 
hydroxy-propionic acids. It is prepared by passing sulphui 
trioxide into well-cooled alcohol or ether. 
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Acetatnide, 19G. 
Acetates. 69. 
Acetic acid, BT. 
Acetic aldehyde, 46. 
Acetic anhydride, 61. 
Acetone, TO. 
Acet^henone, SOB. 
Acetyl cUoride, 61. 
Acetylene, 223. 
Acid, Acetic, ST. 

Acoaitic, 221. 

Acrylic, 218. 

Adtpic, 142. 

Alpba-«>laic, 292. 

Amido-acetic, 192. 

Amido-benzoic, 289. 

Amldo-eaprole, IM. 

AmidtMiiiiiiamJc, 32T. 

Amido-formic, 191. 

Amido-isethionlc, IM. 

Amido-SQCciDlc, 19S. 

ADgellc, 218. 

Anisic, 303. 

Aspattic, 199. 

Azelaic, 112. 

Barbitnric, 204. 

Bebenic, 130. 

BeDZOlc, 283. 

Brassylic, 142. 

Brom-proplonic, 131. 

Butyric, IM. 

Capric, 129. 

Caproic, 129. 

Captylic, 1!^. 



Acid, Carbamic, 191. 
Carbolic, 269. 
Carbonic, 156. 
Cerotic, 130. 
Chlor-acetic, 63. 
Chlor-propiodic, 131, 
Cimic, 218. 
Cinnamic, 32G. 
Citracunic, 221. 
Citric, 174. 
CrotoDic, 219. 
Cyaa-acetic, Ill- 
Cyanic, 83. 
C^anucie, 8*. 
Dibrom^aceinlc, 172. 
Di-cbior-acetic, 63. 
Erucic, 218. 
Ethylenc-lactic, 163. 
Etbyliden»-lactic, 161. 
FermentatioD lactic, 

38. 
Formic, 54. 
FolmiDic, 102. 
Ftmiaric, 220. 
Gallic, 304. 
Glyceric. 166. 
Glycocbolic, 108. 
GlycoUc, lJi8. 
Glyojcylic. ITO. 
Heptoic, 129. 
Hippmic, 291. 
Hydracrylic, 162. 
Hydro-ciDuamlc, 293. 
Hydrocyanic, 80. 
Hydrosorbic, 218. 
Hy droiy-auccinic, 167, 



Acid, Hyenlc, 130. 

HypogKic, 218. 

Iselbionic, 307. 

Isobutyiic, 133. 

Isophtbalic. 2<J6. 

Isosucctdlc, 146. 

Itaconic, 221. 

Lactic, 160. 

Laaric, 130. 

Leinole'ic, 227. 

Male'tc, 220. 

Malic, 167. 

Maionic, 142, 144. 

Margarie, 130. 

Meilsslc, 130. 

MelUtic, 297. 

Meaaconic, 221. 

MesitylcDic, 293. 

Meaoialic, 170. 

Mucic, 176. 

Myristic, 130. 

Naphthoic, 341. 

Nitro-benzoic, 288. 

NItro-cinnamic, 327. 

Nltco - phenyl - propio- 
lJc,328. 

Nonoic, 129, 

Ootoic, 129, 

Oleic, 219. 

Oialic, 143. 

Ozaluric, 204. 
. Oiybenioic, 303. 

Palmitic, 134. 

Parabanie, 203. 

FaraH>iybei 
302. 



lie. 
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Acid, Felugonic, 120. 

Phenyl-aeetlc, 202. 

Phenyl-propiolic, 338. 

Phthalic, 299. 

Picric. 272. 

Fimelic, 142. 

Piperic, 36B. 

Propiolie, 226. 

Propionic, 131. 

Protocatechnio, 303. 

Prussic, 80. 

Pyiogftllic, 277, 

I^Urtaric, 142, 147 

Raeemlo, 172. 

Koccellic, 142. 

Saccharic, 176. 

Salicylic, 298. 

Sarcolactic, 161. 

Sebacic, 142. 

Sotbic, 226. 

Stearic, 134. 

Stypliaic. 276. 

Suberic, 142. 

Succinic, 142, 144- 

Sulpho-cyanic, 84. 

Tannic, 304. 

Tartaric, ITl. 

Tartronic, 167. 

Tanrocholic, im. 

Teracrylic, 218. 

Terephtballc, 206. 

Tetrolic. 226. 

Tolulc, 292. 

Tri-carballylie, 1B2. 

Tri-chi.ir-aoetic, 63. 

Trimesitic, 24C. 

Uric. 205. 

Uvitlc, 246. 

Vanillic, 304. 

Valeric, 133. 
Aconitic acid, 221. 
Acrolein, 216. 
AciyUc acid, 218. 

aldebyde. 216. 
Adipic acid, 142. 
AeBculln, 3S2. 



Alcobols, 34. 

Di-acid, 136. 

Mei-acld, 153. 

Primary, 122. 

Secondary, 121. 

Tertiary, 124. 

Tetr-acid, 152. 

Tri-acld, 147. 
Aldebyde ammonia, 48. 
Aldeliydes " ""' 



Aliza 
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Alkaloids, 354. 
Allan toiD, 206, 
AUoian, 206. 
AUyl alcohol, 214. 

i908ulpho-cyanate,215. 

mustard oil, 216. 

sulphide, 216. 
Alpha-'toliiic acid, 292. 
Amido-acetic acid. 192 
Amido-acida. 190. 
.Amido-benzene. 260. 
Amido-benzoic acids, 289. 
Amido - 



Amido-tormic acid, 101 
Amido-toluenes, 261. 
Amygdalin,352. 
Amyl alcohols, 126. 
Amylene, 211. 
.\Dgelio acid, 218. 
Aniline, 260. 
dyes, 315. 

nisic acid, 303. 
Anthraeene. 346. 

iraoilicacld, 289. 
Anthrapurpurin, 360. 

athraquinone, M8. 
Anthraquinon e-snlpbon Ic 

acids, 340. 
Arachidic acid, 130. 
Arsenic-methyl com- 
pounds, IM. 
Aspara^ne, 198. 
Aspartlc add, 105. 
Azelalc acid, 142. 



Barbituric acid, 204. 
Behealc acid, 130. 
Benial ohlocide, 256. 
Beazaldebyde, 281. 
Benzene, 331. 

Dinitro, 269. 

Heiaythlor, 263. 

heiachloride, 264. 
BeDzeae-snl phonic acid, 

266. 
Benzine, 110. 
Benzoic acid, 283. 

Amldo-. 289. 

Hydroxy-, 298. 

aldehyde, 281. 
Benzophenone. 30C. 
Benzoyl chloride, 287. 
Benzyl alcohol, 279 

cyanide, 287. 
Blbrom-benzene, 264. 
Bitter-almond oil, 281. 
Biuret, 202. 
Boiling-point, 8. 
Borneo camphor, 311. 
Bomeol, 311. 
Brassyllc acid, 143- 
Brom-etbane, 29. 
Brom-metbaue, 27. 



Butyl alcohols, 123. 
Butylene, 211. 
Butyric acid, 132. 



Cacodyl, 103. 

com pounds, 104. 
Caffeine, 206. 
Camphor, 311. 

Artificial, 311. 
Cane sugar, 182. 
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Cspric acid, 129. 
Capcoic acid, 129. 
CaptyJic acid, 129, 
Caramel, 183. 
CaFbamic acid, 191. 
Carbamide, 200. 
Carbamines, 88. 
Carbobjdiatea, 177. 
Carbolic acid, 269 
Casein, 366. 
Celiulose, ISA. 
Cerotic acid, 130 
CUor-aoetic acid, 63. 
Chloral, B3. 

bydraM, G3.' 
Cblor^tbane, 29. 
Chlorhydrin, 149. 
Cblor-methane, 27. 
Chloroform, 28. 
Cblor-proplonic acid, 131. 
Cholio acid, 194. 
Clmiclc acid, 218. 
Clnchonidine, 3CS. 
'Cinchouine, 35G. 
Clnnamic acid, 325. 

Amido-, 327. 

Nitro-, 327. 
Citric acid, 174. 
Coal lar, 230. 
Cocaine, 356. 
Collidiue, 307. 
Coumarin, 327. 
Creatine, 19(L 
Creatinine. 200. 
CreBola, 274. 
Crotonic acid, 310. 
Comiiiic aldehyde, 283. 
Cmninol, 283. 
Cnminyl alcohol, 281. 
Cyan-acetic acid, 141. 
Cyan-amides, 199. 
Cyanates, 90. 
Cyanic acid, 83. 
Gjnmides, US. 
Cyanopen, 79. 
chlorides. S3. 



Cyannric acid, 8*. 
Cymene, 260. 
Cymogene, 110. 



Destrln, 189. 

Dextrose, 177. 

Di-acetamide, 197. 

Diazo-lKtizene com- 
pounds, 2G2. 

IH-chlor-acetic aeid, 63. 

Dichlorbydrin, 149. 

Di-cjan-di amide, 199. 

Di-meUiyl-amina, 35. 

Di-methyl-benzene, 241, 

Di-methyl-carbinol, 127 

Di-methyl-ethyl-metbane; 
116. 



IM-metbyl -ketone, 70. 
Di-methyl-phosphine,103 
Di-metbyl-ian thine, 206. 
Dinitro-benzene, 259. 
Dioxindol, 331. 
Dipbenyl, 333. 
Di-phenyl-methane, 313. 
Dipheoyl ether, 271. 
Dipropargyl, 227. 
I>odecane, 108. 
Dulcite, 154. 
Durene, 231. 
Dynamite, 161. 



ic acid, 218. 
Erythrile, 162. 
Ethane, 20, 24. 
Ether, 42. 
Ethereal salts, 66. 
Etberfl, Formation of, 41. 
Ethers, Componnd, 66. 

Mised, 45. 
Etliyl acetate, 68. 

alcohol, 37. 

aldehyde, 46. 



Ethyl bromide, 29. 

carbaraine, 88. 

carbinol, 127. 

chloride, 29. 

cyanide, 86. 
Ethylene, 211. 

chloride, 32. 

cyanide, 145. 

glycol, 136. 

lactic acid, 164. 
Ethyl ether, 42. 
Ethylldene chloride, 32, 

50. 
Ethyl iodide, 29, 

isocyaoide, 88. 

isosulpbocyanate, S2. 

mercaptan, 74. 

melhyl elber, 4fl, 

mustard oil, 92. 

phoaphate, 68. 
phosphoric acid, 68. 
sulphate, 68. 
sulphuric acid, 42, 68. 



Fate, 151. 
Fatty acidfl, 129. 
Fehiing's solution, 180. 
Fermentation, 38. 
Alcoholic, 38. 
Lactic acid, 38. 
Ferments, 38. 
Ferricyanogen com- 
pounds, 82. 
Ferrocyanogen com- 
pounds, 81. 
Flashing-point, 110. 
Fluorescein, 321. 
Formic acid, 64. 
aldehyde, 46. 
Formula, constitutional, 

16. 
Formula, Deteirmlnation 

of, 12. 
Fruit sugar, ISL 



Fachslne, 31T. 
FnlminateB, 102. 
Folmlnic acid, 102. 
Tnmaric atud, 230. 



Galactose, 1S2, 
Gallic acid, 304. 
Gasoline, 110. 
Glucose, 177. 
Glncosldes, 362. 
Glfoeric acid, 166. 
Glycerin, 147. 
Glycine, 158, 192. 
Qiycochollc acid, 198. 
Glycocoll, 193. 
Glycollu acid, US. 
Glycols, 136. 
Glyozylic acid, 170. 
Grape sngar, ITT. 
Quanidine, 199. 



Hecdecane, lOS. 
Helicin, 353. 
Heptanes, 108. 
Heptyl alcohols, 128. 
Heptolc acid, 129. 
Heianes, 20, 108, lis. 
Hezyl alcohols, 128. 
Heiylene, 211. 
HippDric acid, 291. 
Homology, 20, 108. 
Hydracrylic acid, 162. 
Hydrazines, 99. 
Hydro-carbostyril, 294. 
By d roHSinnamic acid ,2^. 
Hydrocyanic acid, 80. 
Hydrocjninoue, 276. 
Hydrosorbic acid, 218. 
Hydcoi:y fatty acids, IW. 
Hydroxy Buccinlc acids, 
IBT. 



Indigo, 329. 
Indigo-blue, 330. 
lodigo-wbite, 331. 
Inversion, 183. 
Invert sugar, 183. 
lodo-etliaue, 29. 
lodo-methane, 27. 
Iodoform, 28. 
Isatine, 289, 
Isethionic add, 367. 
Isobutane, 111. 
Isobotyl alcohol, 124. 
Isobutyric acid, 133. 
Isocyauates, 90. 
Isocyanides, SS. 
Isobexane. 117. 
Isomerlstn, 31. 

Physical, 163. 
Isonltroso compounds, 

101. 
Isopentsne, 116. 
Isopiithalic acid, 296. 
Isopropyl alcohol, 120. 
Isopurpnrln, %0. 
IsoBuccinic acid, 146. 
Igo-solpbo-oyantes, 91. 
Itaconlc acid, 221. 



Lactic acids, 160. 
Lactose, 184. 
Lanrlc acid, 130. 
Laurinol, 311. 
Leucine, 194. 
Levulose, 181. 
Lutidlne, 30T. 



Maleu acid, 220. 
Malic acid, 16T. 
Malonic acid, 142, 144. 
Malonyt urea, 20*. 
Maltose, 186. 
Mannite, 153. 
Margaric acld, 130, 
Marsh gas, 20, 23. 
Melissic acid , 130. 
Mellitlc acid, 297. 
Melting-points, 8. 
Mercaptans, 74. 
Mercury ethyl, 1 

fulminate, 102. 
Meaaconlc acid, 221. 
Meaitylene, 240. 
Mesitylcnio acid, 293. 
Mesoialic acid. 170. 
Metaldebyde, 49. 
MelameriatD, 31. 
Methane, 20, 23. 
Methyl alcohol, 34. 

aldehyde, 46. 

amine, 94. 

bromide. 27. 

chloride, 27. 

cyanide, 86. 

iodide, 2T. 
Methyl-phenyl ether, 271. 
Metbyl-phospbine, 103. 
Methyl-phosplilnlc add, 

103. 
Hethyl-sulphuiic acld,68. 
Methylene iodide, 27. 
Milk sugar, 181. 
Morphine, 3S6. 
Made acid, IT6. 
Mustard.oilB, 91. 
MyroDic acid, 363. 
Myrosin, 303. 
N. 
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Naphthols, ZU. 

Naphthoquinone, 342. 
Narcotine, SOS- 
Nicotine, 309, 355. 
Nitrilea, ST. 
tjitro-benzene, 258. 
Hitro-benzoic acida, 2SS. 
Nltro-ceUolose, IKO. 
Nitto-ihlorofonn, 101. 
Nitro-cinDamic acids, 

Nitrotorm, 101. 
NitrogeQ, Eatimatlon, II. 
Nitro-glycerln, 161 
Nitro-meEbane, 100. 
Nitroso-compodudB, 101. 
Nitro-tolueaes, 269. 



Nona 



I, lOH. 



Octane, 108. 
Octyl alcohol, 128. 
Oils, Drying, 227, 
Olefiaat gas, 211. 
Oleic acid, 219. 
Oleio, 151, 
Opium bases, 3SG. 
Orcein, 27T. 
Orein, 3n. 
Oxalates, 144. 
Osalic acid, 142. 
Oxaluric acid, 204. 
Oialyl urea, 203. 
Oilndol, 293, 
Oxy ben zoic acid, 303. 



Palmitic acid, 134. 
Falniltin, 151. 
Paper, 187. 
Parabanlc acid, 203. 
f ara-cyanogen, 80. 
Paraffin, 110. 
Paraffins, lOS. 
Paraldehyde, 49. 



Para - oijhenzolc acid. 



Pentanes, 20, 108, 116. 
Pentyl alcohols, 12G. 
Petroleam, 109. 
Phenanthrene, 360. 
Phenol, 209. 

Nltro, 372. 

phthale'in, 318. 

Tti-nitro, 273. 
Phenyl acetate, 2T1. 
Pbenylacetic acid, 292. 
Phenyl-aoetyleue, 328. 
Phenyl-acrylic acid, 325. 
Phenyl-amine, 260. 
Pbenyl-etbyl alcohol, 281. 
Phenyl-mercaptan, 273. 
nienyl-propjl alcohol, 

281. 
Phoaphlnes, 103. 
Pbtbale'ios, 318. 
Phthalic acid, 2M. 

anhydride, 296. 
Picoline, 307, 
Picric acid, 272. 
Pimelic acid, 142, 
Flperlc acid, 366. 
Hperidlne, 309, 366. 
Plperfne, 360. 
FolymeTiam, 31. 
Primary alcohola, 122. 
Propane, 20. 
Pcopargyl alcohol, 226. 
Propionic acid. 130. 
Projiyl alcohol, 120. 
Propylene, 211. 
Protocatecbnic acid, 303. 
Pmssic acid, 80. 
Pseudocumene, 249. 
Porpurin, 31110. 
Pyridine, 307, 309, 366. 
Pyrocatechhi, 270. 
PyrogftUic acid, 277. 



Pyroxylin, 186. 

Qnerclte, 162. 
Quinine, 354. 
Quinoline, 343. 



Bacemic acid, 172. 
Kesorcin, 275. 
Eesotcin-pbthale'in, S 
Khigolene, 110. 
Roccellio acid, 142. 
Kosanillne, 317. 



Saccharic add, 176. 
Salicin, 363. 
Salicylic acid, 23S. 
aalicylic aldehyde, 300. 
Balicylid, 302. 
SBponificatiob, 69. 
Saponin, 354. 
Sarcosine, 193. 
Sebacic acid, 142. 
Secondary alcohols, 12L 
Soaps, 136. 
Sodium ethyl, 104. 
Sorbic acid, 226. 
Starch. 187. 
Stearic acid, 134. 
Stearin, 151. 
Strychnine, 306. 
Styphnric acid, 276. 
Styrene, 323. 
Styryl alcohol, 324. 
Suberic acid, 1&. 
Snbatitatlon, 26. 
Sacdnic acid, 142, 144. 

anhydride, 146. 
Sugar of milk, 184. 
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Solphocyanic acid, 81. 

SnlphfvcyanateB, 91. 
SulphoDic acids, 76. 
Sulpbo uiea, 2I». 
Sulphur ethers, ^6. 



Tannic acid, 301. 
TannlQ, 3W, 352. 
Tartaric acid, 171. 
Tartronic acid, 107. 
Taurine, 194. 
TanrocboUc acid, 191. 
Terebenthene, 310 
Terephtlialic acid, 296 
Terpeaea, 309. 
Tertiary aicohols, 121. 
Tertiary butyl alcohol, 
124, 



Thymol, 274. 
Toiu balsam, 240. 
Toluene, 240. 

Amido, 261. 

Nitro, 259. 
Toiuic acids, 292. 
ToluidlaeS, 261. 
Tolyl car bind, 2S1. 
Trl-acetainide,197. 
Tri-brom-pbeDol, 272. 
Tri-carbailyiio acid, 1B2, 
Tti-chlor.acetio acid, 63. 
Trichiorhydrin. 149. 
Trimesitic acid, 246. 
Tri-uietbyl.amiae, 96. 
Tri-methy|.carbiDol, 127. 
Tri.m ethy i-phospbine, 

103, 
Trl-methjl-xantliine, 206. 
Tri-nitro-methaae, IM. 
Tri-nitro-phenol, 272. 
Tri-nitro-resorcin, 276. 
Tri-phenyl-methaDe, 314. 
TurpenUue, 3ia 



Unsaturated compoands, 

208, 
Urea, 200. 
Uric acid, 205. 
Uvitic acid, 246. 



Valeric acids, 1 
Valylene, 227. 
Vanillic acid, 3i 
Vanillia, 304. 



TCaathine, 20S. 
TCanthogenic acid, 1S7. 
Xylenes, 241, 
Xylidines, 262. 



...vGoogIc 



Science. 



Organic Chemistry : 






, S1.30. 



Introduc 



THIS book is Strictly an introduction to the study of the com- 
pounds of carbon, adapted to the use of scientific schools, medical 
schools, schools of technology, and colleges. It takes nothing for 
granted except an elementary knowledge of general chemistry. Spe- 
cial care has been taken to select for treatment such compounds as 
will best serve to make clear tlie fundamental principles of the sub- 
ject. GeneraJ relations as illustrated by special cases are discuss.!d 
rather more fully than is customary in books of the same size ; and, 
on the other hand, the number of compounds taken up is smaller than 
usual, though all which are of real importance to the beginner are 
treated with some degree of fulness. There is thus less danger of 
confusion than when a larger number is brought to the attention of 
the student. 

Five editions of this book kave been sold for the English market. 
It has been translated into German^ and is now being translated into 
Italian. These facts, together with the estimates of professors of 
chemistry which will be found in our special circular, show that the 
book has already taken high rank on both sides of the Atlantic, 



M. M. Pattison Mulr, Prof. 
-Jiimislry, Cambridge Univ. Engian. 
\ great many students in this universi 
Lte using the buok; indeed, J think 
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The Elements of Inorganic Chemistry: 



i, based on Eiperi- 



Descritlive and QaaiUattBe. A Texl-Book foi 

mental and Indudive Methods. By James H. 

istry, Vpailanti High Schaolf Mich, ;;97 pages, Clotn, fnce by maUi £1.25. 

Introduction price, f i.ia. 

IT is a practical embodiment of the modern spirit of investi- 
gation. It places the student iji tiic position of an investigator, 
and calls into ptay mental faculties that are too often wholly neg- 
lected. It leads him to experiment, to observe, to think, to originate. 
Coming as it does from the working laboratory of a practical in- 
structor, who has had the constant advice of fellow-teachers in all 
parts of the country, this text may be fairly taken as an exponent of 
the latest methods of teaching chemistry. 

Its distinctive features are ; experimental and inductive methods ; 
the union of descriptive and qualitative chemistry, thus allowing . 
these kindred branches to supplement and illustrate each other; a 
practical course of laboratory work illustrating the general principles 
and their application ; a fair presentation of chemical theories, and a 
conciseness which confines the work to the required limits. 

The work closes with full and explicit directions for successfully 
and economically equipping the laboratory, and preparing the needed 
re-agents and solutions. 

Our special circular on this book contains a list of over two hun- 
dred and fifty Colleges and Schools into -wkich it has made its -way by 
merit alone, in a little fnore than a yearns time, and also gives a large 
number of letters from teachers of the subject showing with -what ease, 
profit, and satisfaction it is used in the class-room. 

Ira Bemaen, Pre/, of Chemistry, 
Johns Hopkins Univ. : The book teaches 
that chemistry can only be learned in (he 
laboratory, and that the book is only a 

which certainly needs to be taught above 
all others in chemistry. 

Herbert B. Smitb, Prof, of Chem- 
iilry. Yak Coll.: A class working 
through it would gain an unusually good 
knowledge of the subject. 



C. A. SchsBHer, Prof, of Chemistry, 
Cornell Univ,: It is excellent. The plan 
iswellconcdved, and embodies the method 
by all means the best. 

C. F. Chandler, Prof of Chemistry, 



OtlB C, Johnson, Prof, of .Affiled 
Chemistry, Univ. of Michigan: I like 
it so well I have nothing to criticise. 
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The Laboratory Note-Book. 

Per SludcHis asms any CkemistTj. Board covers. Cloth back. 191 pages. 
Price by mail, 40 cents. Introduction price, 3; cents. 

IT contains blanks for experiments ; blanlt tables for the reactions of 
the different metallic salts ; pages for miscellaneous matter ; and 
an erfrachart for the natural classification of the elements, smiliar to 
that on page 221 of Shepard's Chemistry, which may be rolled into a 
cylinder by the student. 

The advantages of using this note-book are, briefly, these : It 
saves time. for the student and gives the teacher control of his work; 
its size is convenient ; it is cheaper than an ordinary blank-book ; the 
paper is such that it readily takes ink vrithout blotting or smearing, 
or it may be used with a lead pencil. 

The value of systematic note-taking by the the student in chemis- 
try can hardly be over-estimated. 

Oar Chemistry Circular contains fac-similes of three pages, pre- 
pared by the students in the Ypsilanti high school for 1885-6, show- 
ing how the book is to be tised. 

Qeo.F.Sftwyer,Z>(//.a/Cfe»>ii(r^,] B. W. Batson, />r<j. A>. WesUyan 
Martha's Viniyard Summtr Schml.- It Univ., MilU'iiurg: It is answering our 
is the Ijest in plan I hare seen. [ purpose excellentl;. 

Chemical Problems: 

Adapted to High Schools and Colleges. By ToscrH P. Crabpielii and T. S. 
BUKNS, Instructors in General Chemistry in the Mass. Inst, of Technology. 
ClotlL 96 pages. Price by mail, So. Introduction price, 75. 

THIS book comprises the principles of stoichiometry, with separate 
chapters upon atomic and molecular weight, determinations and 
specific gravity of gases, and upon the principles of thermo-chemistry 
and its application to itiorganic chemistry. The authors have added, 
as a set of general questions, a series of problems and reactions and 
the examination papers in general chemistry given at the Institute 
of Technology during the last ten years. The book contains no 
formula, students being led to solve the problems from the principles 
involved. Just published. 
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The Elements of Chemical Arithm.etic, 



■arith a Short Sysltm 



e by mail. 



THIS manual is divided' into two parts. Part I. 
important rules and principles of Stoichiometry, put in a very 
simple way to suit the comprehension of the average student. These 
rules and principles find application in a series of carefully selected 
problems which follow. Part II. contains an elementary system of 
qualitative analysis intended for beginners. The most available and 
satisfactofy tests for the more important metals and acids are given 
with simple tables of separation. Besides these are some carefully 
compiled tables for reference. The book will be found valuable as a 
companion for some regular text of descriptive chemistry or where it 
is desired to give an elementary course in practical chemistry. It 
has just been carefully revised and some valuable tables added. 

T. H. Norton, Prof, of Chemistry, 
Univ. of Cincinnali, O.: It is admirably 



I d \sell adapted to aupplen 
ary descriptive leil-book ot s 
res praparatoty to scientific c 



Bobert Peter, Prof, ef Chemistry. 
Kentucky State Univ., Lexington: I 

dious, and che^ip guide for Laboratory 
practice in Qualitative Analyas. 



Modern Petrography. 



GIVES a charming a 
the new science ; adds a 



An account of the Application of the Microscope to the Study of Geology, I9 
George Huhtinqton Williams, of the Johns Hopkins Uaiversity. l^per. 
35 pages. Retail price, 15 cents. 

t of the development and progress of 
1 description of the marvellous results 
obtained by Fouqu^ and Michel L^vy in the artificial reproduction of 
volcanic rocks i a consideration of the relation of microscopical 
petrography to the allied sciences ; a bibliography of petrographical 
literature, and careful directions ■' on the preparation of rock-sections, 
and on the manufacture of petrographical apparatus," etc. 

The Microscope : This \tao\i give^ | Amei^an Mlcroacoplcal Journal, 
anencrll=^t introduction to the study of WaMnslon: A satisfactory little book, 
microscopy. | admiiably presenting the subject, 
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Firsi hook in Geology. 

By N. 5. 5HALEB, Professor of Paleontology, Hamrd UniTersily. Cloth. 271 

fjges, with 130 figures in the lent. 74 pages additional in Teacher's Edition. 
ci;ebyniail,$i.io. Introduction price, f 1.00. 

DESIGNED to give the student, ten to fifteen years of age, a few 
clear, well-selected facts as a key to the knowledge of the earth. 
The :um is to illustrate the principles of geology by reference to as many 
facts of familiar experience as possible, such as; Pebbles, Sand, and 
Clay. The Making of Rocks. The Work 0/ Water and Air. The 
Depths of the Eartli. Irregularities of the Earth. Origin of Valleys 
and Lakes. Movements of the Earth's Surface- Place of* Animated 
Beings in the World. Sketch of the Earth's Organic Life. Nature 
and Teaching of Fossils. Origin of Organic Life, and a Brief 
Account of the Succession of Events on the Earth's Surface, etc. 
The Teacher's Edition contains seventy-four pages of directions 
for those who use the book in class instruction. The average reader 
who desires to get a glance at geology and a general notion of its 
bearings on ordinary life will find this edition of exceeding interest. 

Tke special circular on this book shoias hovt it has been received by 
teachers of geology, and gives a list of high and private schools that 
are using it with satisfaction. This book has been translated into 
Polish, and is soon to be translated into German. It is also being 
used in many schools as a Supplementary Reader. 



ogy in the schoob of this State, 1 have 
e.iamined Prof. ShaJer's Geology. I can- 
nat do better than recommend it. 

P. W. Hooper, Teacher of Nal. 
Siience, Adilfhi Acad., Btooklyti: Of 
all the attempts at making elementary 



Alexander Wlnchell, Chair o 
Ceolosy, Univ. 0/ Mills. : Its marked d( 
patture from the methods of the old didat 
tic treatises which have done so much ti 
put geology at a disadv aniage, in coi 
son with botany, is in the directi 






ce ard educa: 
r will have, as It at 
a the scboob. 
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Elementary Course in Practical Zoology. 

196 pages. 

A BOOK b> lie open before the student while he is studjHog the 
animal itself. It tirst tells him «Aere to find his q>ecimens; 
how to observe their habits and habitats; in a few cases their meta- 
morphoGes and modes of devek^raent ; how to collect and preserve ; 
and, finally, howto dissect them. In sliort, it is a gisde to the study 
(tf aninials rather than a mere descriptive zofilc^y. 

A series of typical representations of all the animal snbjdngdwns 
is represented ; after fee study of each, the student is led to compare 
Ihem one with another, noting their resemblances and differences ; 
thus he teams how to classify animals instead <^ memorizing a system 
erf classification. 

This method gives the stadeot a better view of (he animal kingdom 
than any amount of mere readii^, and, at the same time, deveU^s and 
disciplines his powers of observation and description. 

The special circular on Ms book gives a large num^ of strong 
commendations; a list 0/ places thai at oace adopted it \ and an ex- 
cellent article on the study of Zoology, written Jor " The Dial " Iry Carl 
H. Eigenmann, Dept. of Zoology, Ind. State Univ, 

David B. Jordan, Pres. and Prof \ 
^ ZoUtagy, Univ. of Indiana: 1 tegarl 
it as the unly lextJiook in general zoology 
^1 puUished which s, fit to be used in 
high sdioul dassM. It is nn therightptan, 
and Che method is adrnvaUy carried out. 

Katupe(LondoQ): In canskleiation 
of the petnidoiis nibbiah which, even yet, 
occaaionalty fioils its way into our own 
dementary sdiools under the guise of the 
elementajy lejtt-book of Science, il i« pleas- 
ant to reflect upon the merits of this work. 

Prof. AlpIieuB Hyatt, Boston So- 
lictf of Nntural Hiitary : Mr CoHon's 
desire is to cuEtivale the faculty of oteet- 



.ofMi,, 



T. C. Uendanhan, Pm. of Rost, 
Poly<ech«!!laslitste,rtTreHaKle,Ind.: 
I am delighted with the book. I Ihink the 
author has struck ^ pay4\>ck'^ for the de- 
partment of science. 

CaU. ProfefZoolagj, 
H: We have hid 13s 
Enthttsiasm has been 
awakened by the actual study of the ob- 
jects, — an enthusiasiii whidi has been 
directed to definite ends by this little 
work. The book deserves mosC abundant 
success, and 1 believe will receive it, 

Albert H. TutTtlS. Prof, of Zoology, 
OiioSt4^e tfanr.: it is the most useful 
book of its kind ever published in this 
connlry, not only for high school use, but 
tor beginners in zaiib>gy in catties as welt 
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Eleme ntary Practical Physics, or Guide for 

the Physical Laboratory. By H. N. Chute, Instructor in Physics, Ann Arbor 
High School, Mich. Clgtb. " pages. Price by mail *™" Introduction 

INTENDED forpupils in high and preparatoryschools pursuing the 
Study of physics experimentally. It gives such help as, they will 
need in readily devising and manipulating apparatus. It embodies 
the experimental course given each year by the author to pupils of 
the eleventh and twelfth grades. To avoid as far as possible the 
duplication of apparatus, alternative experiments are given under 
most subjects, thus making it possible for different sections of pupils 
to investigate simultaneously the same question by different methods. 
Special attention is given to the simplification of apparatus without 
detracting from its efficiency. The descriptions of apparatus are very 
complete, even to the dimensions of parts. These details, together 
with the large number of illustrations, will make it possible for the 
teacher and pupil, occasionally aided by some local mechanic, to supply 
themselves with much useful apparatus at a trifling expense. 

In but few instances is the pupil informed what the result of his ex- 
periment should be ; instead, he is told how to guard against error, to 
observe correctly, and to record neatly his observations, and by sugges- 
tive questions he is put in the way of correctly interpreting his work. 

The book is designed to supplement the text-books on physics in 
general use, and not to displace them, for on them the pupil will de- 
pend for definitions of terms and, in general, for the exposition of prin- 
ciples. It may be asked, " Why not place the ordinary text-book in the 
laboratory and let the pupil work through the experiments there de- 
scribed ? " The main objection is that the pupil is told in every case 
exactly what to expect, and it generally happens that these expecta- 
tions are reported as fully realized, regardless of changes iu the con- 
ditions unwittingly made by the experimenter. The unavoidable 
personal coefficient of error receives little or no recognition. 

Most of the experiments described in this Guide are quantitative 
in character, as it is chiefly by careful measurements that physical 
truths are reached. Qualitative work, however, is not excluded, as 
it is unquestionably true that knowledge gained by the head and hand 
acting together is much more lasting than that acquired simply bj 
reading or by watching at a distance the manipulations of a teacher. 

L, dt Cookie; 



Guides for Science T^eaching. 

Published under the auspices of Ihe Boston Society of Natural History. 
Intended for the use of teachers who desire to prac;ically instnct 
their classes in Natural History, and designed to supply such informa- 
tion as they seed in teaching and are not likely to get from any other 

These Guides were prepared solely as aids to teachers, — not as 
text-books. The plan of teaching followed throughout is based upon 
the assumption that, — 

Seeing is the first step on the road to knowledge; that, — 

How MUCH the child learns in his eariy years is of liilie importance, 
— BOW ke learns, everything; that, — 

The teacher's work is not to teach the facts, but to lead the mind of 
each pupil to work out for itself the simple physical proMems witnessed or 
described, and to cultivate the habit of observation and of perseverance 
in investigation. 

The Series at present consisLi of the following numbers : — 
I. Hyatt's About Pebbles t .10 

II. Ooodale's Fe^ Commoa Plants J3 

III. Hyatt's Commercial and Otber Sponges . . .30 

IV. Agaasiz's First Iiesson in Natural HiBtoiy . . .20 
V. Hyatt's Corals and Bcblnoderms . . .20 

VI. Hyatt's MoUuaoa 35 

VII. Hyat±'s Worms and Crustacea 25 

XII. Crosby's Common Minerals and Bocks . . .40 

Cloth ... .60 

XIII. Kcbarda' First Iiessons In Minerala . . . . ao 



The following books should be on the teacher's desk ; — 

Teachers' Edition of Shaler's Oeology .... $1.00 

Teachers' Uanual to Sheldon's History 80 

Hall's Methods of Teaching History 1-30 

Allen's History Topics 25 

Clarke's How to Find the Stars 15 

Oustatson's Foundation of Death ; A Study of the Drink 

Queetloit 1-60 

Palmer's Temperance Teachings of Science ... .50 
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